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INTRODUCTION 
Although the etiology of the normal aging process un­
doubtedly takes its origin at the level of the macromolecule, 
the resultant age changes are often manifest at the ultra-
structural, histological, and organ level of organization in 
the living system. A significant understanding of the aging 
sequence will not be realized until changes occurring at each, 
of these levels of organization are investigated and correlated. 
The interrelationships are complex and interdependent. While 
structural age changes often impair normal function, altera­
tions in structure are themselves precipitated by anomalies in 
functional systems. As a higher level of sophistication is 
attained in aging research, a broader understanding of age-
related cause-and-effeet and structural-functional relation­
ships will be achieved, leading to more accurate conclusions 
concerning the primary causes of aging. 
With the exception of growth and development research, 
the major thrust of basic biological inquiry has largely 
ignored age in terms of its effect on experimental results. 
Valuable functional studies rarely provide comparative data 
which represents a broad spectrum of ages, thereby omitting 
information essential to an understanding of the sequence of 
events occurring as the animal ages. 
It is with this philosophy in mind that the research for 
this thesis has been conducted. The pancreas has been chosen 
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for this study because of its vital exocrine-endocrine function 
and because this author believes that it is necessary to 
ascertain whether or not a gland which has evolved for the 
purpose of synthesizing protein will show prominent alterations 
in its structure as it ages. It is the intention of this 
thesis to explore the biochemical, ultrastructural, and his­
tological levels of organization in the pancreas for changes 
which are occurring as a result of age. While it is only pos­
sible to indicate trends in this study, it is hoped that this 
work will provide a direction for future aging research on the 
pancreas. 
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LITERATURE REVIEW 
Gross Aspects 
The pancreas is a complex exocrine-endocrine organ respon­
sible for the manufacture of enzyme-rich digestive secretions 
and hormones which aid in regulating carbohydrate metabolism. 
It is a pink, lobulated glandular mass situated in the dorsal 
aspect of the epigastric and mesogastric regions of the 
abdominal cavity, caudal to the liver. It accounts for approxi­
mately 0.22% of the total body weight and averages 25 cm in 
length for a 30 pound dog (Miller e^ , 1964). In the human 
the length of the pancreas averages 12.5 to 15 cm (Gray, 1930) 
and averages 85 grams (Morris, 1942), or approximately 0.12% 
of the total body weight. There are no apparent significant 
differences between the human pancreas and tkat of the dog with 
reference to the blood supply, duct system, and general 
histology. 
The exocrine secretion of the pancreas is conveyed via a 
duct system to the duodenum. There are usually two ducts in 
the dog, but one or three may be present (Schwarze and Schroder, 
196 2). Of the frequently present two ducts, one is called the 
major pancreatic duct or duct of Wirsung, and the other the 
accessory or minor duct of Santorini. The major pancreatic 
duct is usually narrower than the accessory duct and opens at 
the minor duodenal papilla. The accessory duct opens at the 
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major duodenal papilla, along side the common bile duct or 
sometimes together with the common bile duct. Each of these 
ducts breaks up into smaller ducts within the gland (Schwarze 
and Schroder, 1962) . The same duct arrangement is present in 
the human (Morris, 1942). 
The pancreatic blood supply is derived from the coeliac 
and cranio-mesenteric arteries via the cranial and caudal 
pancreatico-duodenal arteries and the pancreatic branch of the 
splenic artery. These vessels anastomose inside the gland. 
The venous radicals constitute the cranial and caudal 
pancreatico-duodenal veins which open into the portal vein 
(Miller e^ , 1964) . 
The lymph drainage is through the pancreatico-duodenal 
lymph nodes into the hepatic, mesenteric, and splenic lymph 
nodes. Merklin (1969) reports that lymphatic vessels occur 
most frequently at the head and tail of the pancreas and along 
its inferior border, but not in the parenchyma, nor along the 
course of the excretory ducts of any size. Lymphatic vessels 
are seen infrequently in the interlobular connective tissue 
and in association with arteries and veins. 
The nerve supply is primarily from unmyelinated fibers 
originating from the coeliac plexus. The fibers follow the 
arteries into the gland, ending around the acini with fine 
terminals. The interlobular connective tissue contains many 
sympathetic ganglion cells. In addition, the vagus nerves 
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supply myelinated fibers, which may be secretory in nature 
(Bloom and Fawcett, 196 8). 
General Histology 
The exocrine and endocrine portions of the pancreas are 
histologically distinct, with the exocrine tissue comprising 
the bulk of the gland. The islets of Langerhans are randomly 
dispersed throughout the gland substance and represent the 
endocrine tissue. Within the islets are at least two distinct 
cell types, the beta cells, known to produce insulin, and the 
alpha cells which are presumed to secrete glucagon (Okada 
et al., 1968). These cell types were originally distinguished 
histologically (Bensley, 1911) on the basis of the differential 
solubility with alcohol of the secretion granules in these 
cells (Lane, 1907). Bensley (1938) later reported the alpha 
granules to be water-soluble and the beta granules to be re­
moved by 70% alcohol. In most species the beta cells are the 
greatest in number and tend to be concentrated toward the cen­
ter of the islet, while the alpha cells assume a more peripheral 
location, although there are exceptions (Thomas, 1937; Korp and 
LeCompte, 1955; Bjorkman et a2., 1963). In the dog the ratio 
of beta to alpha to other cell types is 75%, 20%, and 5%, 
respectively (Hunt, 1936). A variety of other cell types have 
been described (Bloom, 1931; Lacy, 1957; Carmina, 1963; Munger 
and Lacy, 1965; Munger ^  al., 1965; Gomez-Acebo ^  a^., 1968; 
Parrilla et al., 1969; Hoyos-Guevara, 1969), although the exact 
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functions of these cells are not totally clear. 
The exocrine pancreas derives its structure from groups of 
acini composed of five to eight pyramidal epithelial cells sur­
rounding a central lumen. The apex of these cells is directed 
toward the lumen and usually contains numerous highly re-
fractile zymogen granules which are not revealed by the hema-
tolylin and eosin stain after formalin fixation (Herman et al., 
1964). Owing to the presence of RNA, the basal portion of the 
cell is basophilic (Brachet, 1941-1942)^. The nuclei are 
spherical and contain one to three large nucleoli. Mitotic 
figures are generally uncommon (Herman et al., 1964). 
One of the early definitive studies on the pancreas of the 
guinea pig was made by Bensley (1911). Opie (1932) and 
Bargmann (1939) have written thorough histological reviews of 
this organ. 
Electron Microscopy of Acinus 
Surrounding the acinus is a SOmy basement membrane which 
contacts the acinar cell plasma membrane and borders on capil­
laries and interstitial tissue (Herman et , 1964) . Ekholm 
and Edlund (1959) report that the acini of the human exocrine 
pancreas are separated from one another by an interacinar space 
containing two basement membranes, each belonging to an acinus. 
^Cited in Palade (1959). 
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These membranes are unbroken around the acinus and are 
continuous with the membranes of the intercalary (intercalated) 
ducts. The ultrastructure of the interacinar space appears to 
be fundamentally the same throughout the lobules of the 
exocrine pancreas. This applies particularly to the basal 
membranes which follow a course around each acinus and continue 
on to the corresponding intercalary duct, making each such unit 
a morphologically well-defined entity. Ekholm and Edlund (1959) 
also report that part of the interacinar space which lies 
between the basement membranes forms a single interconnected 
system in each lobule. Those capillaries whose basement 
membrane provide the endothelium with a boundary structurally 
like that of the acinus pass through this space. The entire 
interacinar space is, therefore, regarded as a means for 
transport between the cells and the blood system (Ekholm and 
Edlund, 1959). 
Ultrastructure of Acinar Cell 
General features 
At the apex of the acinar cell, microvilli are seen pro­
jecting into a central lumen. The microvilli have a diameter 
of 0.08y and a maximum length of 0.5y. The total thickness of 
the apical plasma membrane is approximately 60A® (Ekholm et al., 
1962a). The spherical zymogen granules occur most frequently 
in the apex of the cell. 
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In contrast to the apex, the base of the cell contains a 
large spherical nucleus and an abundant endoplasmic reticulum 
which may extend over the apical portion of the nucleus. The 
basal plasma membrane is about 60A° thick and generally runs a 
straight course. Occasionally it is convoluted and sometimes 
forms deep invaginations into the cell (Ekholm et al., 1962a). 
This occurs where adjacent cells meet. 
Nucleus 
The nucleus is delimited by a double membrane separated by 
a clear space. Ribosorae-like particles are attached to the 
outer membrane, which is often continuous with the cytoplasmic 
membranes of the endoplasmic reticulum. The inner membrane is 
closely associated with the nucleoplasm and granules of the 
nuclear matrix (Herman et , 1964). The spaces or pores, 
described by Watson (1954, 1955),which frequently interrupt 
the nuclear envelope suggest a continuity between the nucleus 
and the cytoplasm. These pores appear round and are 75-lOOmy 
in diameter. 
Herman et (1964) has noted the variation in morpho­
logical appearance of the nucleus which occurs as a result of 
the action of different fixatives. The nucleus appears 
spherical with a homogeneous nucleoplasm of fine granules when 
the tissue is fixed with pH 7.4 osmium tetroxide. With 
glutaraldehyde, or slightly acidic osmium tetroxide fixation, 
irregularly shaped, darker masses of coarse and fine granules 
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are scattered throughout a less dense karyoplasm. The darker 
granules are Feulgen positive and lie along the inner margins 
of the nuclear membrane and throughout the nucleus. Apparently 
the finer lighter-staining granules are less densely scattered 
throughout the karyoplasm and may represent the non-DNA com­
ponent of the nucleoplasm. Often the finely granular loose 
nucleoplasm terminates at a nuclear pore. Sato, Herman and 
Fitzgerald (1963)^ have described similar aggregations of 
chromatin in nuclei of acinar cells fixed in osmium tetroxide 
following starvation. A protein-free diet (Weisblum et al., 
1962) or ethionine-induced degeneration and regeneration 
(Herman and Fitzgerald, 1962a, b) will also produce^ S^cîa. 
aggregations of chromatin. 
In the rat most nuclei contain one or two large nucleoli 
about 3y in diameter. No limiting membrane is seen associated 
with the nucleoli (Herman et , 1964). 
Mitochondria 
The mitochondria are randomly dispersed throughout the 
basal cytoplasm between the membranes of the endoplasmic 
reticulum (Sjostrand and Hanzon, 19 54b). In cross section, the 
mitochondria appear oval or spherical, while longitudinally 
they are straight, curved or branched rods, reaching a length 
of up to 3ii and a width of O.Sy. They are limited by a double 
^Cited in Herman et al. (1964). 
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membrane and contain a moderately dense matrix interrupted by 
double-membrane aristae, which lie at right angles to the long 
axis (Herman et a2., 1964). 
Cytoplasmic membranes and intracisternal granules 
One of the outstanding characteristics of the pancreatic 
acinar cell is the abundance of lipoprotein membranes in the 
basal cytoplasm. Weiss (1953) calls these membranes cyto­
plasmic membranes. Sjostrand and Hanzon (1954b) use the term 
a-cytomembranes, while Palade (1955) refers to them as endo­
plasmic reticulum. The membranes are reported to enclose 
elongated compressed spaces called sacs (Weiss, 1953) or com­
municating cisternae (Palade, 1956a), which may be empty or 
contain fine fibrillar material of low density. These 
membranes are in parallel array in the rat, whereas in the dog 
they occur as concentric whorls (Herman ejL , 1964). The 
regular disposition of these membranes has been stressed by 
many authors (Dalton, 1951; Weiss, 1953; Sjostrand and Hanzon, 
1954b). 
The presence of small granules, which stain with crystal 
violet, in the basal cytoplasm of the acinar cells is described 
in studies of the guinea pig (Bensley, 1911). These granules 
reported by Bensley correspond to the intracisternal granules 
described at the elctron microscope level by Palade (1956b). 
In this latter study, round bodies of high density and 
relatively large size are reported to occur in the low density 
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homogeneous material of the cisternal, tubular, and vesicular 
elements of the endoplasmic reticulum. Most of these intra-
cisternal granules measure 250-350my in diameter and are sur­
rounded by a thin layer of light material which separates them 
from the limiting membrane of this cavity system. To the 
surface of this membrane which faces the cytoplasm are attached 
ribosome-like particles (Sjostrand and Hanzon, 1954b). 
The number of intracisternal granules varies considerably 
from one cell to the next. They can be distinguished from the 
zymogen granules by their intracellular location, size, and 
relationship to the endoplasmic reticulum. The zymogen 
granules measure approximately 6 00my, are usually restricted 
to the cell apex, and have no direct relationship to the endo­
plasmic reticulum. The membrane at the zymogen periphery bears 
no ribosome particles (Palade, 1956b). 
Ribosomes 
Palade (1955) has described small round particles 150-
200A° in diameter attached to tke outer surface of th.e endo­
plasmic reticulum. These particles are now referred to as 
ribosomes and have been shown by Huxley and Zubay (1960) to 
consist of ribonucleic acid and protein. Ribosomes are also 
observed lying free in the cytoplasmic matrix between the 
membranes of the endoplasmic reticulum. Palade (1955) has 
also described the arrangement of ribosomes into a rosette or 
a linear array, which is probably equivalent to the functional 
12 
unit of protein synthesis. 
Golgi apparatus 
The Golgi zone of the acinar cell is confined to the 
supranuclear position (Sjostrand and Hanzon, 1954a, c), and is 
generally found in the same portion of the cell as most basal 
zymogen granules (Ekholm et , 1962a). Dalton (1961) describes 
the Golgi apparatus as consisting of smooth surfaced membranes, 
vacuoles, and vesicles. The membranes may appear closely 
packed and parallel, or separate which indicates dialation. 
Small vesicles from 50 to lOOmu and larger vacuoles are 
scattered among these membranes. Many of the vacuoles contain 
a homogeneous substance of moderate to high density, although 
the density may vary from one vesicle to the next (Ekholm 
et al., 1962a). Where this substance is sparse within the 
vacuoles it usually occurs close to the surface of the Golgi 
membranes, causing a ragged appearance. When the dense content 
increases, it spreads inward toward the center of the vacuole. 
Sjostrand and Hanzon (1954c) summarize the internal 
structure of the acinar cell Golgi apparatus as having the fol­
lowing three elementary components: 1) Golgi membranes 
arranged in pairs with 2-5 membrane pairs tightly packed, 
except for vacuolar spaces; 2) a homogeneous finely granulated 
ground substance; 3) granules of various form, size, and 
density. 
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Zymogen structure and composition 
Zymogen granules are found most frequently at the acinar 
cell apex. They occur as round dense structures with a closely 
adhering limiting membrane and range in size from O.Sy to l.Oy, 
averaging 0.6y (Ekholm et a2.^ 1962a). Often granules of 
similar size and shape occur in the cell apex, having, however, 
a lighter density matrix. These structures are called pro-
zymogen, since they appear to be immature forms containing less 
zymogen material (Herman et al., 1964). Ekholm et al. (1962a) 
state that these typical smooth rounded formations of zymogen 
do not occur in the region of the Golgi apparatus. Rather, 
immediately outside the Golgi zone one finds zymogen granules 
which are polygonal or completely irregular. Some of these 
granules in the Golgi region are homogeneous, although not as 
dense as the normal zymogen granules. Other granules are 
partially filled by a flocculent material. All stages can be 
observed from the Golgi vacuole containing almost no dense 
material to the complete zymogen granule. 
Palade (1959) and Ekholm et al. (196 2a) have described the 
apical region in the exocrine cell where some of the zymogen 
granules are situated very close to the apical plasma membrane. 
The majority of these apical regions contain rounded areas 
delimited by a membrane with no microvilli and containing floc­
culent material equal in density and structure to that found 
in the adjacent acinar lumina. These areas may be the size of 
one or two zymogen granules. In addition, the dense content 
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of the acinar lumen has been observed to be continuous with 
the content of an apical zymogen granule. Here the surface 
membrane of the granule and the apical plasma membrane of the 
cell are continuous. 
Investigations by Marshall (1954), Hokin (1955), and 
Siekevitz and Pelade (1958a) have helped to confirm the cor­
relation between the zymogen granules and enzymatic content of 
the pancreas. This characterization was facilitated by the use 
of suitable chromatographic procedures (Keller et , 1958) 
which have also allowed isolation of the pancreatic juice 
proteins. 
A definitive study by Greene e;t a2. (1963) has specifically 
characterized the composition of the pancreatic zymogen granule 
in the bovine. This study involved isolation of the zymogen 
fraction from the pancreas by differential centrifugation. 
Electron microscopy of the fraction revealed isolation of the 
intact granules with their limiting membrane visible. Their 
shape and size was similar to the granules found in the intact 
acinar cell. The zymogen fraction was found to be composed of 
about 95% protein. The proteins in the granule lysate and 
pancreatic juice were fractionated by chromatography. The 
results of this study characterized the presence in the zymogen 
fraction of trypsin, chymotrypsin A, ribonuclease, amylase, 
chymotrypsin B, procarboxypeptidase A, deoxyribonuclease, and 
procarboxypeptidase B. The chromatograms of the pancreatic 
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juice and the zymogen lysates corresponded exactly in terms of 
the peak area and position and the specific enzyme activity. 
Multiple forms of ribonuclease were observed. The identity in 
enzyme component between the zymogen granule lysate and the 
pancreatic juice collected by cannulation of the duct provided 
direct evidence that the two are related and that the granules 
are the secretory product of the pancreatic exocrine cells 
(Greene et , 1963). 
Arnesjo and Filipek-Wender (1968) have reported that at 
least 25-45% of the lipase, cholesterol esterase, and phos-
pholipase activities that can be stimulated by bile salt are 
concentrated in the zymogen fractions. With th.e use of iso-
pycnic gradient centrifugation of rat pancreatic homogenates, 
the intracellular distribution of lipase, trypsinogen, amylase, 
and immediately measurable trypsin inhibitors was also studied 
(Arnesjo and Grubb, 1969). Comparatively smaller proportions 
of the total trypsinogen and amylase activities were recovered 
from the zymogen fractions. The immediately measurable trypsin 
inhibitory activity was primarily localized in the endoplasmic 
reticulum fractions, with virtually no activity observed in the 
zymogen granules. The specific activity of amylase and 
trypsinogen was high in the zymogen and cell sap fractions. 
For lipase, the activity was high only in the zymogen fraction. 
Arnesjo and Grubb (1969) concluded that in relation to 
trypsinogen, large proportions of lipase, cholesterol esterase, 
and phospholipid are localized in the zymogen granules of the 
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pancreas. The fact that these results were contrary to the 
findings of Hokin (1955) and Hansson (1959) is explained by the 
fact that these authors did not measure protease precursors in 
the fractions where activated inhibitors were present. 
Yasuda and Coons (1966) have used immunofluorescent 
techniques to investigate the intracellular localization of 
pancreatic enzymes. These authors reported that porcine 
a-amylase was abundant in almost all the acinar cells and was 
distributed as fine granular material in both the basal portion 
of the cell and in some of the zymogen granules at the juxta-
nuclear position and Golgi zone. Bovine chymotrypsinogen and 
trypsinogen were found in the less mature zymogen granules. 
Yasuda and Coons (1966) suggested that their failure to 
demonstrate these two enzymes in the granules near the cell 
apex was probably due to superficial material masking out the 
reaction of the antisera with the granules near the lumen. 
They reported that both porcine and bovine pancreatic acinar 
cells yielded virtually similar results, indicating a functional 
similarity with regard to these observations. 
Ultrastructure of secretion 
That a functional relationship exists between the ribo-
somes, endoplasmic reticulum, the Golgi complex, and the 
zymogen granule is well exemplified by th.e synthesis of enzymes 
by the pancreatic acinar cells. The abundant endoplasmic 
reticulum is highly correlated with both the large scale 
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protein synthesis that occurs in the acinar cell, and the 
production of large quantities of digestive enzymes (Weiss, 
1953; Siekevitz and Palade, 1958a, b, 1960). 
The material termed intracisternal granules observed in 
the cavities of the endoplasmic reticulum (Palade, 1956b) 
represents products synthesized by the ribosomes (Hyden, 1943; 
Siekevitz and Palade, 1958b, 1959; Caro and Palade, 1964). How­
ever, this material often occurs in the form of a dilute solu­
tion of protein. The fate of these newly synthesized proteins 
has been the subject of numerous investigations (Sjostrand and 
Hanzon, 1954c; Siekevitz and Palade, 1958b, 1960; Caro, 1961; 
Warshawsky et a^., 1963; Caro and Palade, 1964). 
Golgi membranes have been observed in continuity with the 
membranes of the endoplasmic reticulum (Zeigel and Dalton, 
1962). The use of radioactive amino acids and autoradiography 
provides a functional explanation for this relationship. 
These techniques (Leblond et a^., 1957) are based on the fact 
that the first sites to become radioactive after injection of 
a labelled amino acid are those places where protein synthesis 
takes place. The radioactivity appearing later at other sites 
can be due to migration of the newly synthesized proteins 
(Warshawsky et , 1963). That newly synthesized proteins 
move from the endoplasmic reticulum to the Golgi zone has been 
demonstrated by these techniques (Caro, 1961; Warshawsky et al., 
1963; Caro and Palade, 1964; Jamieson and Palade, 1967a, b). 
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Caro (1961) and Caro and Palado (1964), using the guinea 
pig, reported that incorporated leucine-H^ first appeared in 
the endoplasmic reticulum of the acinar cells five minutes 
after injection of the label into the blood stream. Fifteen to 
twenty minutes after injection the label was concentrated in 
the Golgi region, lihen the label first appeared it was local­
ized primarily in the cell regions occupied by the rough 
surfaced elements of the endoplasmic reticulum. After one hour 
the label appeared in the zymogen granules. This sequence was 
in agreement with the integrated series of morphological and 
biochemical studies by Siekevitz and Palade (1958b, 1960), and 
Palade and Siekevitz (1956a, b) concerning the early incorpora­
tion of leucine into newly synthesized proteins within the 
microsome fraction, and the subsequent appearance of the label 
in the zymogen fraction. More recently, Jamieson and Palade 
(1967a, b) have confirmed these results with autoradiographic 
studies of the guinea pig pancreas. 
The role of the Golgi apparatus in this secretory sequence 
is to concentrate and package the newly synthesized protein 
into zymogen granules. Sjostrand and Hanzon (1954c) and 
Farquhar and Wellings (1957) have described the partially filled 
vacuoles of the Golgi region and have attributed to them the 
role of zymogen precursor formation. Caro (1961) reported 
that newly synthesized proteins in the guinea pig acinar cells 
accumulate in the Golgi apparatus, especially in association 
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with partially filled vacuoles. He concluded that these 
proteins are channeled through the Golgi complex in movement 
from their synthesis sites on the rough endoplasmic reticulum 
to their storage stage as zymogen granules. Caro and Palade 
(1964) further concluded that two steps are involved in the 
transit of secretory proteins through the Golgi. The first is 
connected with small smooth surface vesicles located at the 
periphery of the Golgi complex, and the second with, th.e 
centrally located condensing vacuoles. The protein may be 
diluted within the large clear vesicles of the Golgi and th.en 
become progressively concentrated into prozymogen granules sur­
rounded by a membrane. 
In a time study of the synthesis and migration of proteins 
in the exocrine pancreas of rats and mice, Warsh.awsky et al. 
(1963) obtained similar results. Labelled leucine-, glycine-, 
or methionine-H^ was injected into rats and mice which were 
later sacrificed at various intervals. Radioactivity concen­
tration (number of silver grains/unit area) and relative 
protein concentration were measured to give th.e mean specific 
activity of the proteins in the various portions of the acinar 
cells. The two to five minute autoradiographs and the specific 
activity time curves demonstrated protein synthesis in the 
rough endoplasmic reticulum. From there virtually all of the 
newly synthesized protein migrated to and concentrated in the 
Golgi region. The protein then spread first to the proximal 
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and then to the distal zymogen region, and finally entered the 
excretory ducts. The estimated turnover time of the radio­
activity was as follows: 4.7 minutes for synthesis in the 
basal ergastoplasm, 11.7 minutes in the Golgi zone where the 
zymogen granules were formed, and 36.0 minutes as complete 
zymogen granules before they were released into the lumen as 
pancreatic secretion. The sum of the latter two figures (47.7 
minutes) represents the mean life span of a zymogen granule. 
The sum of all the turnover times gives 52.4 minutes or the 
total life span of proteins produced for secretion. Warshawsky 
et al. (19 63) also reported that the pancreatic ergastoplasm 
synthesizes other proteins having a slower turnover rate (62.5 
hours). These proteins are utilized intracellularly. 
Normally, the exocrine cells of the pancreas are poorly 
synchronized. At a given time some cells have completed the 
storage of new zymogen granules while others have just begun 
the synthesis sequence (Palade, 1959). 
Pancreatic Ducts 
General histology 
The pancreatic duct system can be divided into three 
regions. The duct cells which form the smallest duct lumen 
and which communicate directly with the lumen of the acinus 
are termed the centroacinar cells (Bensley, 1911). Herman 
et al. C1964Î refer to tîiese cells as centroductular because 
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these cells are ductule cells. The centroacinar cells are 
continuous with the intercalary ductules which lead into 
larger-diameter ducts called the interlobular ducts. The inter­
lobular ducts join with the main and accessory ducts (Richards 
and Fitzgerald, 1962). Transitions between regions are gradual. 
The centroacinar and intercalary ducts cells are a flat 
epithelium, becoming cuboidal toward the interlobular duct. 
The epithelium is low to high columnar as the excretory ducts 
approach the duodenum (Herman et a^., 1964). 
Working with domestic animals, Trautman and Fiebiger 
(1952) reported both mucous glands and goblet cells in the 
pancreatic ducts. McMinn and Kugler [1961) found no goblet 
cells in the lower end of the pancreatic ducts of dogs and cats. 
They reported numerous folds of mucous membrane in the lower 
end of the principal ducts and their associated ampullae and 
papillae. They also reported the columnar epithelial cells of 
the dog to be particularly tall and closely packed, with 
frequent mitotic figures present in the epithelium of the 
papillary regions. In the dog, cat, mouse, guinea pig, and 
hamster the cells of the lining of the pancreatic ducts are 
PAS-positive and are capable of secreting protein-carbohydrate 
complexes (McMinn and Kugler, 1961). They are also presumed to 
secrete electrolytes (Babkin, 1950; Becker, 1957), although 
this is questioned by Ekholm et al. (1962b). 
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Ultrastructure 
The basic ultrastructure of the centro-acinar cells and 
intercalary duct cells of the exocrine pancreas is essentially 
the same for most species (Herman e^ âi*' 1964), with the 
exception of the human pancreas (Ekholm et a2^w 1962b). In 
the human the wall of the intercalary duct is composed of 6 to 
8 triangular cells in a single layer. Apparently two different 
kinds of cells are distinguishable, the proportion varying from 
one duct to another. While one cell is essentially identical 
to the centroacinar cells, the other type contains a cytoplasm 
significantly greater in density than that of the centroacinar 
cell (Ekholm and Edlund, 1959). 
With reference to animal species, all duct cells have a 
thin basement membrane. Adjacent plasma membranes show 
frequent interdigitation, with desmosomes present at opposed 
membranes. The nucleus is round to oval and contains a deep 
indentation and inconspicuous nucleoli (Eldiolm et , 1962b). 
The cytoplasm of all duct cells is a thin perinuclear rim 
containing a small number of unbound polysomes. The mito­
chondria possess cristae and intramitochondrial dense granules 
and are lesser in number and smaller in size th.an those of the 
acinar cells. Numerous fine filaments are present in the 
cytoplasm. Occasionally multivesicular bodies are seen. A 
small Golgi region is observed consisting of a small number of 
vesicles filled with moderately dense material (Herman e^  a^ ., 
1964). 
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The free surface of the smallest excretory ducts shows 
microvilli protruding into the lumen of the duct. Zymogen 
granules may be observed directly under these processes of the 
cell membrane, separated from the duct lumen by this membrane. 
Minute, irregularly-shaped particles representing secreted 
material are seen in the duct lumen (Sjostrand and Hanzon, 
1954b). 
Nervous control 
The nervous control over the cells of the duct system in 
the pancreas has been studied by Lowenstein (1960). He 
reported an increase in the resting potential across the gland 
cell membrane upon stimulation of vagal fibers. The rising 
secretory potential is always followed by the appearance of 
secretory products. Lowenstein (1960) concluded that the 
mucous cells of the pancreatic duct are controlled by a set of 
preganglionic vagus fibers different from that controlling the 
pancreatic acinar cells. A given mucous cell may be controlled 
by both the sympathetic and parasympathetic nervous system. 
Ultrastructural Organization of 
Blood Vessels and Nerves 
General exocrine 
Within a lobule of the exocrine pancreas are small inter-
acinar and somewhat larger interm.icrolobular spaces which 
contain numerous capillaries, as described by Zelander e^ al. 
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(1962) for the rat. Often the basement membranes of the respec­
tive cells are the only structures separating the endothelial 
cell from the acinar cell surface. There may be a narrow un­
structured layer of low density between the basement membranes, 
or the intervening space may contain processes from connective 
tissue cells and small nerve fibers where the basement mem­
branes are farther apart. A continuous basement membrane 
invests the thin endothelium of the capillary. This endothelium 
possesses numerous pinocytotic vesicles and is provided with 
cytoplasmic discontinuities which are about 400A° wide and are 
bridged by a membrane 50A® thick (Zelander et , 1962). 
The ultrastructure of the capillaries in the rat pancreas 
is similar in organization to the capillaries in the human 
pancreas (Ekholm and Edlund, 1959). 
Intralobular vessels 
Zelander e^ a2. (1962) noted that, except for the lack of 
cytoplasmic discontinuities and its greater thickness, the 
arteriolar endothelium is structually similar to the capillary 
endothelium. They described two types of arterioles, dif­
ferentiated on the basis of the configuration of the space 
between the endothelium and the muscle layer. In the smaller 
caliber arteriole, this space contains two membranes (one 
belonging to the endothelial cell, the other to the muscle cell) 
separated by a low density zone. In cross section of the 
larger arteriole, this space appears to meander and is 
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completely filled with a moderately dense homogeneous material, 
presumably representing the internal elastic membrane. 
The organization of the arteriolar smooth muscle cells 
agrees with reports on similar cells in arteries (Pease and 
Molinari, 1960), the uterus (Mark, 1956; Caesar et , 1957), 
and the gall bladder and urinary bladder (Caesar et , 1957). 
Neurovascular relationships 
Zelander et al. (1962) have demonstrated numerous 
unmyelinated nerve fibers in the intermicrolobular space and 
occasional fibers in the wider areas of the interacinar space. 
These axons were 0.1 to 0.7% in diameter and contained an 
axoplasm characterized by filaments. Vesicles 300 to 500A® in 
diameter, and presumably representing axon terminals, were 
observed within some portions of the axons. These terminals 
were seen in intimate relation to the smooth muscle cells of 
the arteriole and also in fairly close relation to the acinar 
cells. However, no such relationships were observed between 
the nerve fibers and the intercalary and intralobular ducts. 
It is difficult to ascertain the exact neurovascular 
relationships upon the walls of small arteries and arterioles. 
Lever and Esterhuizen (1961) presented the first electron 
microscopic study of vasomotor nerves in wh-ich. tkey described 
vesiculated axons lying in the adventitial coat of pancreatic 
arterioles. Where this coat was not covered by Schwann cell 
processes, it was separated from the smooth, muscle by a 
26 
basement membrane and a 1000 to 4000A° space. 
Using a formal-fluorescence technique for catecholamines, 
Spriggs et (1966) described the distribution of para­
vascular adrenergic nerves in the rat and cat pancreas. Their 
findings included an adrenergic plexus around the arterioles, 
fibers running along the capillaries, and no specific 
fluorescence around vessels confirmed as veins. These findings 
were confirmed electron microscopically by Lever et (1967). 
They reported abundant adrenergic axon terminals in proximity 
to arteriolar smooth muscle cells. Many of these axons were 
partially or completely devoid of the covering Schwann cell, 
with humoral transmission occurring across this neuromuscular 
space. 
Lever et (1965) have shown that individual arteriolar 
nerves can have an intimate relationship to muscle over 
extensive terminal areas. At these points axons did not possess 
a Schwann covering and were separated from the muscle by a 
basement membrane within a 830 to 4000A° space. They also 
reported that more than one muscle cell may be served by a 
single axon, or that several axons may innervate single muscle 
cells. With no nervous penetration of the media, the ultimate 
neuromuscular relationship occurs across the medio-adventitial 
border. 
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Lever et (1968) concluded that at least two para­
vascular distributions occur regarding the unmyelinated nerves 
encountered in relation to arteries, arterioles, and capil­
laries in the cat pancreas. They reported the bundle size of 
the nerves (axons/bundle) within the adventita of small arteries 
and arterioles to be strikingly smaller than that of the more 
distant paravascular nerves lying external to the adventitia of 
the arteriole. Lever et al. (196 8) further suggested that the 
nerves penetrating within the arteriolar wall were vasomotor 
and did not extend along the vascular tree beyond the arteriolar 
level, while nerves which were superficial to the arteriolar 
adventita probably continued beyond the arterioles becoming 
pericapillary in location. It was emphasized that in the 
pancreas the vascular wall structure changes gradually in the 
transition from the arteriole to the capillary. 
In addition to the conclusion that both vasomotor and 
parenchymal nerve distributions occur in the cat pancreas 
(based on axon counts/nerve-bundle deep and superficial to the 
arteriolar adventitia and capillary), Lever et al. (1968) sug­
gested the adrenergic nature of the nerve terminals on the 
arteriolar walls. This latter conclusion was based on specific 
localization of H^-noradrenalin and autoradiography, and the 
degeneration and disappearance of most of these axons following 
sympathectomy. 
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Legg (1968) has been able to demonstrate adrenergic nerve 
fibers innervating the major pancreatic ducts and fibers 
terminating on the non-adrenergic nerve cell bodies of the 
intrapancreatic ganglia of the cat. In addition, he reported 
that both pancreatic arterioles and the larger pancreatic veins 
are innervated, with direct vasomotor control of these vessels 
possibly regulating blood flow through the pancreas in a manner 
similar to that believed to occur in muscle (Fuxe and Sedvall, 
1965) . 
Innervation of endocrine pancreas 
Legg (1968) has reported adrenergic nerve innervation of 
both the endocrine cells and blood vessels of the islets of 
Langerhans of the cat, with Falck and Hellman (1963) having 
previously described simple nerve fibers in the islets of other 
species. Legg (196 8) reported the frequent occurrence of nerve 
fibers in the interlobular connective tissue adjacent to the 
islets of Langerhans, and their branching to form fine networks 
around the islets. Most of the fibers penetrating the islets 
were associated with small blood vessels. 
Bunnag et a^. (1963) have demonstrated that administration 
of epinephrine in the mouse caused temporary impediment of 
blood flow in the islets, while experiments with perfused 
pancreas suggested that the islet vascular supply could be 
occluded with no reduction in the blood flow to the rest of the 
pancreas (Sussman et , 1966) . 
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Legg (1968) reported nerve fibers in close contact to the 
islet cells. It has been suggested that these cells are 
innervated (Bencosme, 1959; Legg, 1967). In the cat, some 
fibers related to both the alpha and beta cells were shown to 
contain small granular vesicles (Legg, 1967, 1968), these 
vessels being the storage sites for noradrenalin (Richardson, 
1964). 
Biochemical Studies 
The pancreas has been the subject of a large number of 
biochemical studies, particularly because of its capacity to 
synthesize protein in large amounts. There is now general 
agreement as to the structural-functional relationships 
essential to protein synthesis in the exocrine pancreas. 
The term "microsomes" was first introduced by Claude 
(1943) to denote those cellular components isolated by centri-
fugation having a diameter of 50 to 20Qmvi. Microsomes are 
operationally defined as that fraction which sediments from the 
post-mitochondrial fraction at 105,000 x g for 60 minutes 
(Palade and Siekevitz, 1956b). Palade and Siekevitz (1955a, b) 
studied sections of microsome pellets prepared by differential 
centrifugation and showed these elements to be morphologically 
identical to those of the endoplasmic reticulum in the intact 
cell. Palade and Siekevitz (1956b) also demonstrated that 
this fraction consists primarily of fragments from the endo­
plasmic reticulum, most of which are derived from the rough 
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surfaced elements of the reticulum with relatively few from the 
smooth surfaced portions. 
One main feature of this fraction is its high RNA content 
CJunqueira and Hirsch, 1956) localized in the ribonucleoprotein 
particles attached to the endoplasmic reticulum. These parti­
cles are responsible for the cytoplasmic basophilia of the 
pancreatic exocrine cell (Caspersson et , 1941; Brachet, 
1941-1942^). Ribonuclease treatment causes loss of the micro­
some particulate component of RNA, while deoxycholate causes 
loss of the membranous component by solubilizing the limiting 
membrane of the microsome vesicles (Palade and Siekevitz, 1956b). 
Deoxycholate treatment detaches the ribosomes from their 
membranes, allowing isolation of these particles. No DPNH-
cytochrome c reductase activity appears in the microsome frac­
tion and only small amounts of phospholipids and hemoprotein 
are present (Palade and Siekevitz, 1956b). 
Using leucine-l-C^^ labelling techniques, Siekevitz and 
Palade (1958b) were able to designate the microsomes as the 
site of protein synthesis in the guinea pig pancreas. The 
relative specific activity of the microsomal fraction increased 
rapidly before any other cell fractions, with the peak around 
15 minutes after intracardiac injection of the labelled com­
pound into the guinea pig. Similar results were obtained 
using guinea pigs which received labelled leucine Immediately 
^Cited in Palade (1959). 
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following a 4 8-hour fasting period (Siekevitz and Palade, 
1958b). Further, the site of amino acid incorporation into the 
microsomes was localized with the ribonucleoprotein particles# 
after which the newly synthesized proteins were transferred to 
the membrane component of the microsomes (Siekevitz and Palade, 
1960). Characteristics of these ribonucleoprotein particles in 
the guinea pig pancreas have been described by Siekevitz and 
Palade (1959, 1960). 
Incorporation of radioactive amino acids ^  vivo in the 
pancreas demonstrated the synthesis of many specific proteins, 
including RNase (Craddock and Dalgliesh, 19 57; Keller et al., 
1959; Morris and Dickman, 1960), trypsinogen, and cbymotryp-
sinogen (Hansson, 1959; Keller et , 1959) obtained from 
pancreatic extracts (Craddock and Dalgliesh, 1957) and juice 
(Hansson, 1959; Keller et al./ 1959). The results of these 
studies are all compatible with, the view that the microsome 
fraction represents the site of protein synthesis. Siekevitz 
and Palade (1960), studying synthesis of chymotrypsinogen in 
the exocrine cell of the guinea pig pancreas, demonstrated that 
a-chymotrypsinogen is synthesized on the ribonucleoprotein 
particles of the microsome fraction, transferred to the endo­
plasmic reticulum and then concentrated and stored in the 
zymogen fraction. In other words, the appearance of protein 
in cell components other than the ribonucleoprotein particles 
was related to intracellular transport and storage. 
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Two classes of ribosomes occur in pancreatic acinar cells 
(Palade and Siekevitz, 1956b). In electron micrographs of the 
guinea pig pancreas, one type of ribosome is bound to the 
membranes of the endoplasmic reticulum; the other exists free 
in the cytoplasmic matrix. Homogenates of the same tissue also 
demonstrated two types of ribosomes, those sedimenting with the 
microsome fraction and those sedimenting as post-microsomal 
material. When centrifuged at 105,000 x g for 60 minutes in 
0.88 M sucrose, vivo cytochemical studies proved that the 
two classes were metabolically discrete, and that the micro­
somal ribosomes corresponded to the attached particles and the 
post-microsomal ribosomes to the free particles (Siekevitz and 
Palade, 1958b, 1959). 
Birbeck and Mercer (1961) have suggested that bound 
ribosomes synthesize protein for extracellular use, and free 
ribosomes synthesize protein for intracellular utilization. 
This is based on the fact that cells secreting large amounts 
of protein, as in the pancreas, have many bound ribosomes, and 
cells that do not secrete much protein have mostly free ribo­
somes. Breillatt and Dickman (1966) also demonstrated in the 
dog pancreas that most of the polysomes are bound to the endo­
plasmic reticulum. 
Protein synthesis in beef pancreas slices constitutes a 
very active amino acid incorporating system (Dickman et , 
1962a). The rate of incorporation of labelled amino acid into 
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newly synthesized protein bound to the ribosomes further indi­
cated that these particles were the site of synthesis. This is 
in agreement with Littlefield et (1955) who reported that 
the deoxycholate-insoluble pellet was the most rapidly labelled 
fraction, with the specific activity of the ribosomes attaining 
a maximum at 3 minutes. In addition, Dickman et ^ (1962a) 
demonstrated that the interval before the specific radioactivity 
of the microsome membrane components surpassed tliat of the 
ribosome particles was very short. This, plus the high rate of 
incorporation of ^^C-amino acids, further supports the widely-
held view that pancreatic tissue is capable of a high rate of 
protein synthesis (Allfrey ejt aJ^., 1953) . In addition, Dickman 
et al. (19 62a) suggest that export proteins are synthesized and 
turned over at a faster rate on the ribosomes than the struc­
tural proteins. 
Specific analysis of the microsomes from the bovine 
pancreas has shown this fraction to contain four times as much 
protein as RNA and about 25% phospholipid (Dickman et , 
1962b). The 80 S ribosomes (the monomeric species of ribosomes) 
can be separated from their membranes by adjustment of a micro­
some suspension to pH 8.0 from the stabilizing pH of 7.0 to 
7.4, or by the addition of the detergent sodium deoxycholate. 
The percentage of protein, RNA, and lipid for the adult bovine 
(Dickman e^ al., 1962b), guinea pig (Palade and Siekevitz, 
1956b) , and the dog (Hokin, 1955) pancreatic microsomes has 
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been determined. The concentrations of these components were 
quite variable among the different species, probably due to 
variation in the preparative procedures. 
In preparations of the microsomal fraction from the bovine 
pancreas, the enzymatic complement released from the microsomal 
ribosomes by acid extraction was analyzed and compared to the 
whole spectrum of enzymes secreted by the pancreas (Keller 
et al., 1963). While the expected basic enzymes (trypsinogen, 
chymotrypsinogen A, ribonuclease) were present, some of the 
acidic enzymes (chymotrypsinogen B, procarboxypeptidase A and 
B, desoxyribonuclease) were not present in equivalent amounts, 
according to the methods used in this study. 
Extraneous proteins decrease the functional activity and 
stability of isolated ribosomes; therefore, its removal is 
essential. Similarly, endogenous mRNA competes or hybridizes 
with the RNA that is added, complicating interpretation of the 
results (Dickman and Bruenger, 19 69). Purified microsomal and 
post-microsomal ribosomes have been prepared from the dog 
pancreas (Beeley et £l. , 1968). The purified ribosomes were 
relatively free from contamination from supernatant protein, 
containing less than 0.1% of the digestive enzymes, which are 
the major synthesis products of the pancreas. Purified canine 
pancreatic ribosomes contain 60% RNA; the remaining 40% is 
primarily protein (Beeley ^  , 1968; Dickman and Bruenger, 
1969) . 
35 
The protein moiety of the purified dog pancreatic ribo-
somes has also been described (Keller e^ al•/ 1968). Of the 
protein present in the 80 S monoribosomes, three protein com­
ponents are localized in the large subunit, and five in the 
small subunit when studied with starch gel electrophoresis in 
formate buffers. 
Dickman and Bruenger (1969) have purified dog pancreatic 
ribosomes by chromatography over DEAE-cellulose and have ob­
tained biologically active particles. They have also determined 
the optimal conditions for phenylalanine incorporation into the 
microsomes when synthetic polyuridylic acid was added as mRNA. 
Ribosomes may be arranged as a rosette or as a linear 
array (Palade, 1955). These patterns are equivalent to the 
functional unit of protein synthesis, the polysome, which is 
believed to be the unit necessary for the synthesis of hemo­
globin CWarner et , 1962, 1963; Gierer, 1963). Similarly, 
a group of two to eight ribosomes from the rat liver has been 
shown to be the incorporation site of the amino acids into 
protein (Noll et ^ ., 1963; Wettstein et , 1963). Pancreatic 
ribonuclease has been shown to convert polysomes quickly and 
completely to a mixture of 80 S particles (Wettstein et al., 
1963; Warner et ^ ., 1963; Breuer et , 1964; Dickman and 
Bruenger, 1965). Using canine pancreatic polysomes, Dickman 
and Bruenger (1965) have demonstrated the effect of proteases 
on both polysome gradient centrifugation patterns and the 
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ability of the microsome fraction to incorporate amino acids 
into protein. They reported that trypsin reduces the 80 S 
ribosome population and increases the amount of 40 S and 60 S 
subunits. Large amounts of trypsin cause almost complete 
disappearance of the heaviest polysomes. Finally, low concen­
trations of trypsin completely prevent stimulation of phenyl­
alanine incorporation with polyuridylic acid by a crude 
microsome preparation (Dickman and Bruenger, 1965). 
Sedimentation rates of ribosomes are dependent on the 
salt concentration used in the homogenizing medium. Breillatt 
and Dickman (1966) have studied the effect of MgClg and KCl 
concentration on the sedimentation characteristics of ribo-
nucleoprotein isolated from the canine pancreas. Ribosome 
monomers dissociate into 57 S and 38 S subunits with magnesium 
ion concentrations below 3mM. Magnesium ion concentrations 
below ImM cause release of subunits from polysomes and a 
decreased yield of this fraction. The yield of large aggregates 
is greater when the magnesium concentration is maintained above 
3mM. In addition, low concentrations (5mM) of KCl increases 
the yield of the large aggregates. 
The pancreatic hormone, insulin, is related to the ability 
of ribosomes to function in protein synthesis. Ribosomes 
isolated from the muscle of rats rendered diabetic by alloxan 
are only half as effective as ribosomes from normal animals in 
catalyzing the transfer of ^^C-amino acids from aminoacyl-t-RNA 
to protein for synthesis (Wool and Cavicchi, 1966, 1967? 
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Stirewalt et , 1967). However, small amounts of insulin 
(4vig) administered to diabetic rats restores the activity of 
the ribosomes (Wool and Cavicchi, 1966, 1967; Stirewalt et al., 
1967). Wool and Kurihara (1967) have shown that the capacity 
of normal ribosomes to synthesize protein is greater than that 
of the diabetic ribosomes because there is a smaller proportion 
of active particles in diabetic ribosomes, as opposed to a 
decreased efficiency of individual diabetic ribosomes. Also 
insulin, administered to diabetic animals, increased the pro­
portion of polysomes (Stirewalt et a^., 1967), the number of 
active ribosomes (Wool and Kurihara, 1967), and the synthesis 
of protein in the muscle system (Wool and Cavicchi, 1966, 1967). 
Further, the insulin effect does not require the synthesis of 
new ribosomes or any species of RNA (Wool and Cavicchi, 1967; 
Stirewalt et , 1967; Eboue-Bonis et ^ ., 1963; Wool and 
Moyer, 1964). 
Age Changes in the Pancreas 
Descriptions of structural and biochemical variations 
related to age changes in the canine pancreas have not been 
abundant in the literature. Often information concerning 
pancreatic age changes in various species is inconclusive or 
contradictory. 
The early studies of von Mering and Minkowski (1890) 
demonstrated that diabetes meHitus results from dysfunction 
of tlie Islets of Langerhans. Diabetes is a disease in which 
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the mortality curve has been shown to become logarithmic after 
30 years of age in man (Berns et al., 1964), fulfilling an 
important criteria of aging phenomena (Kohn, 1963). 
Studies in the rat indicate that the actual number and 
volume of islets of Langerhans increase with age, whereas these 
values decrease rapidly for the first few days after birth, and 
then decrease slowly at later life periods when calculated per 
unit of pancreatic or body weight {Hess and Root, 1938; Haist 
and Pugh, 1948). Hellman (1959a) obtained similar results for 
rats, except in the oldest group, 480 days. When the number 
of islets were expressed in relation to pancreatic weight or 
body weight, this oldest group showed a statistically signifi­
cant increase. In addition to reporting an increase in the 
actual volume of islets with advancing age, Hellman (1959c, f) 
showed that the most significant volume increase occurred in 
the group where the islets were the largest. 
Hess and Root (1938) reported that, for a given age, male 
rats had a greater body weight, larger pancreases, and more 
islets than the female. However, the ratio between the islets 
and acinar tissue, and between the islets and body weight is 
the same for both sexes. 
The beta/alpha cell ratio in young and old rats has been 
studied by Hellman Cl959d). Although the beta/alpha cell 
number ratio was found to be significantly lower at birth than 
at five days, their volume proportions remained the same, since 
changes in the cell number ratio were compensated for by 
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changes in individual mean cell volume. In addition, the per 
cent of islet cell volume contributed by the A cells was found 
to increase from 11.28% in the new-born rat to 13.57% in the 
oldest animals (Hellman, 1959b). The relative volume of the 
beta cell decreased from 83.16% in the new-born to 76.82% in 
the 48-day old rat. When the total A and B cell volumes were 
expressed in relation to pancreas or body weight, the quotients 
were significantly reduced with age, except in the 480 day old 
rat, where the quotients were significantly higher than in the 
100 day old animals. 
The increased frequency of the A cell in the older rats 
appears to have its parallel in man. Seifert (1954) reported 
the number of A cells to increase after the age of 50 years. 
Hajdu and Rona (1967) have studied pancreatic changes in 
500 untreated, nonbreeder male and female mice. They reported 
that while the young animals and all female groups showed 
relatively uniform islets of Langerhans in regard to size and 
shape, males over 40 weeks old showed marked variation in the 
size and shape of th%;islets. Intra-insular fibrosis was the 
typical pancreatic islet alteration in these animals. In less 
severe cases, a moderately increased amount of connective 
tissue fibers along the dilated capillaries related to a 
proliferation of the pericapillary fibroblasts was seen. The 
globular, uninterrupted cellular structure was transformed by 
increased collagen and reticulin into a branching multinodular 
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conglomerate where groups of endocrine cells often situated 
around sinusoidal spaces were traversed and transected by wide 
bands of fibrous tissue. Hajdu and Rona (1967) noted that the 
intra-insular sclerotic process appeared to destroy and replace 
the islet parenchyma in the more severe cases. The intra-
insular fibrosis was accompanied by an islet enlargement in 90% 
of the cases, indicating a close association between these two 
processes. They reported no regressive cellular damage present. 
However, hemosiderin-like pigment-laden histiocytes were often 
found around the fibrotic islets. In the aging male groups 
the occurrence of this lesion was from 36% to 66%, while in 
the aging female groups the occurrence was no more than 5%. 
The sex predominance of the islet change was considered essen­
tial to a compensatory mechanism by which older male rats 
adjusted to an unknown metabolic requirement, this mechanism 
not being called upon in females. Hajdu and Rona (1967) 
attributed histogenesis of the fibrosis to the perivascular 
stromal elements, and the cellular proliferation to the duct 
epithelium. 
Zhukov (1964) has reported an increased frequency of intra-
insular connective tissue and peri-capillary fibrosis in the 
islets of older individuals. He claimed a decrease in the size 
of the islet cell and an increase in the number of small cells 
with advancing age. The functional disturbances in the 
pancreatic insular apparatus were attributed to intra-insular 
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pericapillary fibrosis, leading to alterations in normal 
contact between the islet cells and their blood supply, re­
sulting in atrophy of the beta cells. 
According to Warren and LeCompte (1952), degenerative 
changes in the islets of diabetics are not always found. They 
reported normal islets in 33% of their patients, 41% with 
hyaline degeneration, 23% with fibrotic change, and about 4% 
with hydropic degeneration. 
The occurrence of diabetes mellitus where the number and 
structure of the islets appear normal can be explained on the 
basis of insensitivity to insulin, anti-insulin factors, or 
reduction in the synthetic capacity of the beta cells. In 
these instances, the anomaly does not manifest itself at the 
level of the light microscope. 
Changes in the insulin content per gram pancreas have 
been reported to be generally slow and comparatively slight 
(Wrenshall et aJ^., 1952), in addition to the fact that values 
for insulin content for the pancreas of senile non-diabetics 
may equal the high values for young adults. As defined by 
abnormal glucose tolerance tests, more than 50% of a selected 
aged population has been shown to have diabetes to some degree 
(Andres, 19 67). 
It has been demonstrated that there are significant changes 
in the metabolism of adipose tissue during aging (Felinkova, 
1964; Gellhorn and Benjamin, 1965). These investigations have 
shown a decreased rate of lipogenesis in the adipose tissue of 
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aged animals compared to younger ones (Benjamin e± a^., 1961; 
Gellhorn et , 1962; Gellhorn and Benjamin, 1965). It has 
been well established that insulin has marked effects on the 
active transport of glucose into adipose cells and its con­
version to fatty acids (Winegrad and RenoId, 1958; Flatt and 
Ball, 1964; Crofford and RenoId, 1965). In addition, glucose-
ATP phosphotransferase enzymes have been demonstrated in rat 
adipose tissue and shown to occur in multiple molecular forms 
(Moore et , 1964). In relation to these facts, Moore (1968) 
has demonstrated a progressive decrease in the effect of in­
sulin or glucose uptake by adipose tissue with age. In 
addition, he suggested that a reduced glucose uptake and its 
further metabolism could be correlated with a loss of one of 
the three glucose ATP phosphotransferases in adipose tissue at 
about six months of age in the rat. 
Korpassy (1939) reported squamous metaplasia of the 
pancreatic ducts to be a prominent feature of the senile indi­
vidual. Balo and Ballon (1929) were not able to relate the 
occurrence of squamous metaplasia in these ducts to aging. 
However, the tendency toward squamous metaplasia and cell 
hyperplasia in the intralobular and interlobular pancreatic 
ducts of senile rats and humans was reported by Andrew (1944). 
In addition, he suggested that a lowering in the basophilic 
staining quality of the exocrine cells occurs with advancing 
age. 
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Ultrastructurally, it has been reported that the aristae 
of the pancreatic mitochondria are of greater length in the 
older animals than in the younger ones (Kurtz, 1961). Age 
pigments have been reported in the acinar cells of the pancreas, 
appearing as irregular-shaped masses O.ly to more than l.Oy 
(Kurtz, 1361). 
Although some papers have been published on alterations of 
the pancreatic arteries (Panum, 1862; Berkman and Rifkin, 1966), 
they have received little attention. Medical texts have 
minimized the role of the blood vessels in pancreatic disease 
(Pollak, 1968). Pollak (1957) has reported that 65% of his 
human subjects 20 to 90 years old with pancreatic disease had 
comparable atherosclerosis of pancreatic and coronary arteries, 
and that this correlation was 84% if only subjects older than 
45 years of age were considered (Pollak, 1968). The frequency 
of cholesterol crystals in arterial lumina is reported to be 
high, particularly in the pancreaticoduodenal arteries origi­
nating from the superior mesenteric artery (Pollak, 1968). 
A significant correlation has been reported between the 
degree of atherosclerosis in the mesenteric circulation and 
the occurrence of diabetes mellitus (Reiner et a2., 1963). In 
addition, there is evidence that diabetes and prediabetes 
enhances atherosclerosis (Nutritional Review, 1965). Pollak 
(1968) has suggested that pancreatic atherosclerosis plays an 
important role in pancreatic infarction and in the etiology of 
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senile diabetes. Berns et a2^. (1954) have reported a three­
fold increase in the frequency of proliferative vascular lesions 
of the pancreas in diabetes when compared to the non-diabetic 
state in humans. 
Ever since its discovery by Balo and Banga (19 49), the 
enzyme elastase has been assumed to have a systemic function 
in its extra-pancreatic existence, as it eventually appears in 
the circulation (Hall, 1961, 1964). Elastase is not a single 
enzyme. Rather, it is a group of closely related enzymes pro­
duced by the pancreas. Some of these enzymes act on the 
elastin protein itself, while others have a mucolytic and/or 
lipolytic action on the carbohydrate and lipid moieties present 
in the elastic tissue and elastic fibers (Loeven, 1963; Banga, 
1966). The exact site of the production of the enzymes has 
not been determined, and there is evidence for both exocrine 
and endocrine origins (Bencosme and Craston, 1958; Loeven, 1963). 
Balo and Banga (1949) have suggested tkat elastase is 
involved in arteriosclerosis, with the changes in the vascular 
elastic tissue occurring as a result of the enzyme in the 
plasma. In addition, the inhibitor of elastase was shown by 
Balo and Banga (1949) to decrease with age, which, in effect 
raises the effective concentration of the elastase enzyme. 
The increased susceptibility of elastic tissue with age to 
elastase has been shown repeatedly (Lansing et , 1953; 
Findlay, 1954; Balo and Banga, 1955; Mull and Sri Ram, 1965; 
Scarselli and Repetto, 1959) . 
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Loeven (1967) reported that the increased activity of the 
elastase enzyme ^  vivo in a given age period may result 
from an increase in the effective enzyme concentration in the 
elastic tissue. He also stated that because there is an 
important balance between the enzymes and their inhibitors, a 
decrease in the enzymes in the older age groups could result 
in an increased enzyme activity if concentration of the 
inhibitors is decreased simultaneously. 
Hall (196 8) reported an inverse relationship between both 
inhibitor and elastase levels and the plasma lipid content 
in the female, and that chronic lipemia may cause depletion of 
pancreatic elastase. 
Various investigations have been made to study tke effect 
of age on the functional state of the exocrine pancreas. These 
reports are not in full agreement with, each other. 
On the basis of the quantitative determination of the 
level of diastase in the blood, before and after functional 
stimulation, Memeo and Gnocchini (1961) concluded th.at this 
functional activity was significantly deficient after the age 
of 70 years in man. 
The effect of repeated stimulation of the pancreas by 
I,V. administration of pancreozymin or secretin to young and 
old males has been studied (Bartos and Groh, 1969). The aged 
males showed a significantly lower volume output of bicarbonate 
and amylase, but only slight differences in the bicarbonate 
concentration. These results were explained on the basis of a 
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decreased secretory capacity of the pancreas, or a decreased 
sensitivity of older subjects to secretin and pancreozymin. 
Ritter (1964) has reported that in the aged individual 
pancreatic secretion was normal in the fasting condition. 
However, after a single stimulation, the older subjects showed 
a depressed secretion of the lipolytic enzyme. Ritter (1964) 
pointed out, however, that this decrease is insignificant with 
regard to metabolism. Only after a double stimulation was it 
possible to show that the older pancreas became exhausted 
sooner than that of younger subjects (i.e., a decrease in the 
functional reserve capacity in the older individual). Ritter 
(1964) concluded that the pancreatic enzyme capacity in subjects 
of advanced age is generally sufficient for normal diets of 
reasonable caloric value without excess proteins and fats. 
Aged male exocrine functions have been studied by an I.V. 
secretin test. Fikry (1968) reported a decreased volume of 
one third normal pancreatic secretions in aged subjects, and a 
selective reduction in enzyme activity, with amylase and 
trypsin decreasing to two-thirds of their normal levels. 
Lipase remained normal. Fikry (196 8) suggested aging, chronic 
fibrosing pancreatitis, and impairment of the vascular supply 
to the pancreas as possible causes of the altered exocrine 
functions in the aged individual. 
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The concentration and amounts of pancreatic RNA and 
proteins with aromatic amino acids have been studied by ultra­
violet cytophotometry (Tsung-Shu, 1966). While the amount of 
basic proteins in the cytoplasm of the endocrine and exocrine 
cells showed a decrease in old dogs and rabbits when compared 
to the young adult animals, the nucleus showed an increase in 
the amount of acidic proteins. A significant lowering of the 
pancreatic cell cytoplasm was observed in the old dogs, but no 
changes were noted in the dry weight of the nucleoli. Tsung-Shu 
(19 66) reported the nucleus to cytoplasmic ratio in the exocrine 
cells increased with old age in both humans and dogs, but not 
in rabbits. He concluded that the synthetic capacity of the 
cytoplasmic structures of the endocrine and exocrine pancreas 
is decreased in old age. 
Amyloid and Aging 
"Cerebral amyloid degeneration,..amyloid infiltration of 
Langerhans islets, and amyloid deposits in cardiovascular 
structures form a characteristic path-anatomic triad of senile 
deterioration" (Schwartz and Wolfe, 1967). "The presence of 
amyloidosis in a high percentage of old men...strongly suggests 
that senile amyloidosis is a major accompaniment of aging in 
humans" (Walford and Sjaarda, 1964) . These two statements 
indicate the current trend of thinking with regard to amyloid 
and its relationship to aging. 
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Of prime importance is the nature and significance of 
hyaline accumulations which occur in the islets of Langerhans 
in a large percentage of diabetics. The classic papers of 
Opie (1901a, b) discussed the relationship of diabetes mellitus 
to pancreatic lesions. He reported the deposition of hyaline 
material within the islets which was associated with compres­
sions and disappearance of the islet epithelium. While he 
noted the importance of this lesion in the genesis of diabetes, 
he did not identify amyloid as the material involved. It was 
subsequently realized that diabetic as well as non-diabetic 
individuals were subject to increased incidence and severity 
of hyaline lesions with advancing age (Cecil, 1909, 1914; 
Wright, 1927). 
Gellerstedt (19 38) reported that 46% of a group of 
patients, 50 to 90 years old, had demonstrable islet hyaline 
accumulations, but only three of the patients had clinical 
diabetes. There was no apparent association between the 
incidence of islet hyalinization and the presence of severity 
of atheroscerosis. Gellerstedt referred to the hyaline 
material as "amyloid". 
Arey (1943) reported similar islet deposits in 16.6% of 
non-diabetic patients over 50 years of age and in 71.7% of 
diabetics in the same age group. Ahxonhexm (1943) reported 
islet hyalinization in 10% of non-diabetic patients beyond 
middle age, as opposed to 64% in diabetic patients of similar 
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age. The islet lesion was not associated with, obesity or 
hypertension. Bell (1952) has reported that amyloidosis of the 
islets is an age related phenomenon occurring in about 14% of 
individuals who have no clinical manifestation of diabetes. 
Bell (1959) later reported that in 5620 patients the incidence 
of islet hyalinization was much higher in patients with diabetes 
me Hi tus than in non-diabetics. 
Using the Thioflavin S technique for positive identifica­
tion of amyloid, Schwartz et aJ^. (1965) found that 82% of 63 
autopsied people showed fluorescent material in the pancreatic 
islets. In this study, as many as 200 sections of pancreas 
were processed to find a positive islet. 
There has been considerable debate as to whether or not 
hyaline material represents amyloid (Gellerstedt, 1938; Seek, 
1939; Ahronheim, 19 43; Bell, 1952, 1959; Ehxlich and Ratner, 
1961). Some electron microscopic studies of islet hyaline have 
been conducted (.Porta et , 1962; Lacy, 1964), with one 
(Lacy, 1964) demonstrating a fibrillar ultrastructure consistent 
with that of amyloid. Ehrlich and Ratner (1961) have shown 
that the so-called hyaline degeneration of the islets of 
Langerhans is in fact a deposition of amyloid. It is thought 
to represent an insulin-antibody complex. 
In a recent study, Wright et al. (1969) studied 83 
patients at necropsy using Thioflavin T, Thioflavin S, crystal 
violet, and Congo red for amyloid identification. While 
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amyloid was identified in brain, heart, aorta, pancreas, 
seminal vesicle, ovary, and spinal cord, only the brain, heart, 
aorta, and pancreas deposits occurred with significant 
frequency. In patients older than 70 years, 30% exhibited 
pancreatic amyloid. For patients between 30 and 70 years of 
age, there was an apparent positive relationship between islet 
amyloid and diabetes mellitus. This relationship, did not occur 
in individuals older than 70 years of age. 
It appears that spontaneous amyloidosis occurs in man as 
an age-related phenomenon. Getty (196 8) recognized and 
reported the presence of amyloid in the aged dog and hog. He 
described spontaneous amyloidosis in the middle cerebral 
vessels, pons, basal ganglion, kidney glomerulus, thyroid, eye, 
right ventricle, abdominal aorta, coronaries and other major 
blood vessels. It may be that necrosis of any tissue may lead 
to a release of antigenic polypeptides. This is probably the 
initiating event in the development of myocardial antibodies 
in association with the post-infarction syndrome. 
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MATERIALS AND METHODS 
Canine Pancreas Specimens, Background 
To evaluate age changes occurring in the canine pancreas, 
histologic examinations were made of the pancreata of 86 pure­
bred beagles, ranging in age from birth to 13.7 years, and 18 
mixed breed dogs, ages 7 through 13 years. The beagles were 
obtained from the beagle colony of the Department of Veterinary 
Anatomy, Iowa State University. 
The colony beagles were raised on dry commercial dog feed} 
consisting of 25% protein, 7% fat, 40% carbohydrate, minerals, 
vitamins, and essential amino acids, with one pound of feed 
supplying 1500-1600 calories. Routine fecal examinations 
showed no excessive parasite conditions during this study, and 
all animals were vaccinated against canine distemper and in­
fectious hepatitis. The animal quarters were cleaned daily 
with steaming water. All dogs appeared to be healthy at the 
time of sacrifice. To confirm this, a necropsy evaluation was 
conducted at the time of death and specimen collection. 
The beagle colony was first established in 1955 by Dr. 
Robert Getty, Professor and Head of Veterinary Anatomy, for the 
^From the Gaines Dog Food Division, General Foods Co., 
Kankakee, Illinois. 
2 Feed analysis by Gaines Dog Research Laboratories, 
Kankakee, Illinois. 
52 
purpose of raising pure-bred, diet-controlled beagles from which 
histological specimens could be taken for a comprehensive 
gerontological research program. Specimens have been collected 
over the years from various tissues and organ systems from dogs 
ranging in age from birth to senility. Many of these tissues 
have been studied (Getty, 1952, 1963, 1965a,b; Haensly and Getty, 
1965; Whiteford and Getty, 1966; Few and Getty, 1967; Munnell 
and Getty, 196 8a, b, c) or are in the process of being studied. 
The mixed breeds were obtained from Gaines Dog Research 
Laboratories, Kankakee, Illinois and were originally maintained 
on the same diet as the beagles. 
Collection and Fixation of Tissue 
for Light Microscopy 
The dogs were sacrificed in the laboratory by electric 
shock and were exsanguinated by severing the axillary artery 
and vein. The abdominal cavity was opened and within a few 
minutes specimens were taken from the right pancreatic lobe and 
immediately placed into mercury-formal fixative. 
The fixative was prepared according to the following 
formula; 
distilled water 3,500 ml 
sodium chloride 29.75 gm 
mercuric chloride 102.05 gm 
To 90 ml of the above mixture was added 10 ml of 40% formalde­
hyde. 
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After 4 to 7 days the tissue was removed from the fixative 
and washed in running tap water for 24 hours. All tissue blocks 
were dehydrated, cleared, and embedded according to the fol­
lowing schedule: 
Beaker No. Contents Time 
1 70% alcohol 4:00 PM 
2 70% alcohol 8:30 PM 
3 80% alcohol 9:00 PM 
4 95% alcohol 10:00 PM 
5 95% alcohol 11:00 PM 
6 abs. alcohol 12:00 PM 
7 abs. alcohol 1:00 AM 
8 abs. alcohol 2:00 AM 
9 chloroform 3:00 AM 
10 chloroform 4:00 AM 
11 paraplast^ 5:00 AM 
12 paraplast 6:00 AM 
embed 8:00 AM 
The above time schedule was set automatically in a Model 2-A 
Autotechni con. 
Tissue sections were cut at 6 y thickness on a rotary 
microtome. At least one dozen slides were prepared from each 
specimen for specific staining, as outlined in the following 
section. 
Staining Procedure for Light 
and Fluorescent Microscopy 
Canine pancreatic specimens were stained with the fol 
lowing stains : 
1) Hematoxylin and Eosin (Armed Forces Institute of 
Pathology, 1968) 
^Scientific Products, Evanston, Illinois. 
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2) Weigert-Heidenhain-Van Gieson (modified by Getty, 1949) 
3) Gomori's reticulum stain (Armed Forces Institute of 
Pathology, 1968) 
4) Gomori's stain for pancreatic islet cells (Armed 
Forces Institute of Pathology, 1968) 
5) Kossa's stain for calcium (Armed Forces Institute of 
Pathology, 1968) 
6) AFIP method for lipofuscin (Armed Forces Institute of 
Pathology, 196 8) 
7) Lillie's Nile Blue Sulfate method for lipofuscin 
(Pearse's Histochemistry, 1961) 
8) Long Ziehl-Neelsen method for lipofuscin (Pearse's 
Histochemistry, 1961) 
9) Periodic Acid-Schiff^ method for lipofuscin (Armed 
Forces Institute of Pathology, 1968) 
10) Thioflavin-T for amyloid (Armed Forces Institute of 
Pathology, 1968) 
Examination of Specimens and Photography 
Light microscope sections were photographed using a Leitz 
Orthlux photomicroscope. Kodachrome II 35mm color slide film 
and Kodacolor X print film were used. Fluorescent microscopy 
was carried out with the Leitz Orthlux microscope fitted with a 
250 lamp housing. The illumination was provided by a high 
pressure HBO 200 lamp, and excitation was accomplished with two 
5mm blue filters. No. BG12 and BG38. The films were processed 
commercially. 
^Used with pancreatin to remove glycogen which is PAS-
positive. 
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Islet Quantitation 
The method used for quantifying the volume of the islets 
of Langerhans was based on Strehler's et al. (1959) modifica­
tion of the procedure originally proposed by Chalkley (1943). 
A net reticule with 121 intersecting points of its grid lines 
was positioned in the ocular so as to be in focus, while super­
imposed over the in-focus image of the specimen. With the lOx 
objective in position, ten consecutive and immediately adjacent 
fields were randomly selected by moving across the specimen and, 
if necessary, back in the opposite direction at a different 
level. If any of the intersection points were superimposed 
over islet tissue, it was considered a "hit". The total number 
of hits per 10 fields was figured for each specimen and divided 
by 1210 to give a percentage volume of islets/total pancreas 
volume. Total hits per kilogram body weight was also cal­
culated. The results are presented in Graphs 2-6 and in Tables 
1-4. 
The method used for measuring the area of the islets of 
Langerhans was based on that used by Jaffe (1951). A previously-
calibrated micrometer was positioned in the ocular so as to 
superimpose the micrometer lines over the in-focus image of the 
specimen. With the 43x objective in place, the first 10 islets 
that were encountered moving randomly across the specimen were 
measured for their greatest and smallest dimensions (i.e. 
length and width, respectively). The area in square microns 
56 
for each islet was obtained by multiplying the length times the 
width. The 10 areas per specimen were averaged. Areas were 
also calculated on the basis of body weight. The results are 
found in Graph 1 and Tables 5-8. 
All measurements were made with objectivity in mind. 
Slides were coded and the ages masked until the data was col­
lected. Selection of the slides was random. The net reticule 
and micrometer were first positioned over an out-of-focus image 
before measurements were taken, so as to avoid prejudice in 
choosing a given area of tissue which was islet-rich. 
In the first portion of this study, the canine sample con­
sisted of 86 beagles and 18 mixed breed dogs. Six variables 
were recorded: breed, sex, age, body weight, total hits/1210, 
and percent islet volume/volume pancreas (Tables 1-4). In the 
second part, the canine sample was 83 beagles and 18 mixed 
breed dogs. Six variables were recorded: breed, sex, age, 
body weight, islet area in square microns, islet area/kg body 
weight (Tables 5-8). 
The dogs were divided into three groups, so as to obtain a 
comparable standard of reference for all specimens. The lines 
of division for the age groups were the normal weaning age of 
eight weeks, and the beginning of adulthood at one year. These 
divisions produced the following age groups; birth through 
eight weeks, two months through eleven months, and one through 
fourteen years. 
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Preparation of tissue for electron microscopy 
After removal from the intact pancreas, tissue specimens 
were immediately fixed for 3 hours in 4% glutaraldehyde 
(Sabatini et , 1963) prepared in O.IM phosphate buffer. The 
tissue was washed in the O.IM phosphate buffer three times for 
at least 30 minutes each time. The tissue was post-fixed in 
1% OsO^ (Millonig, 1961) for 1 hour, dehydrated in the usual 
alcohol series, and embedded in an epon-araldite mixture 
(Mollenhauer, 1964; Anderson and Ellis, 1965). Silver-gray and 
silver sections were obtained on the Sorvall MT-2 ultramicro-
tome. All sections were stained with uranyl acetate-methanol 
stain (Stempak and Ward, 1964). 
Biochemical Studies 
Sacrifice of dogs 
Nine healthy beagles raised on a diet of commercial Gaines 
dry feed were chosen for this study. Three were one year old, 
three were five to six years old, and three were nine years of 
age. Each dog was fasted for 24 hours and was sacrificed by 
electrical shock. Specimens for electron microscopy were taken 
from the head end of the intact pancreas immediately after 
death, after which the entire pancreas was immediately removed 
and frozen in liquid nitrogen for storage in a freezer at -20®C. 
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Homogenization of tissue 
The pancreas of each animal was handled separately through­
out the entire procedure. All operations were carried out in a 
5°C cold room or in an ice bucket. Approximately 10 grams of 
each pancreas were thawed in enough Medium A (Hogland, 1958) 
to make a 25% homogenate (W/V). The tissue was chopped into 
fine pieces with a scissors and then homogenized in a Potter-
Elvehjem glass homogenizer. 
Fractionation 
The pancreatic homogenate was fractionated by a variation 
of Siekevitz and Palade's (1958a) adaptation of Hogeboom's 
et al. (1948) procedure. The nuclear-mitochondrial fraction 
was obtained by centrifugation of the original homogenate for 
10 minutes at 10,000 x g. The crude microsome fraction was ob­
tained by centrifugation of the post-mitochondrial supernatant 
at 105,000 X g for 90 minutes. The cytosol or post-microsomal 
supernatant was poured off, and both fractions were stored in 
a freezer. 
Separation of the rough and smooth endoplasmic reticulum 
was carried out according to the procedure of Dallner et al. 
(1966). To each 9.85 ml of post-mitochondrial supernatant was 
added 0.15 ml of IM CsCl to give a final CsCl concentration of 
15mM. Then 3.0 ml of the CsCl-containing supernatant were 
carefully layered over 2 ml of 1.3M sucrose-15mM CsCl. After 
centrifugation in a No. 50 swinging bucket rotor for 210 
minutes at 39,000 rpm, a fluffy layer (composed of smooth 
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microsomes) was obtained at the interface plus a brown pellet 
(composed of rough microsomes) at the bottom of the tube. The 
clear, red upper layer above the fluffy layer was aspirated off 
and discarded. The fluffy layer was completely collected along 
with about 0.6 ml of the 1.3M clear sucrose. This mixture was 
transferred to an 8 ml ultracentrifuge tube, and then diluted 
with 4 volumes of distilled water and centrifuged at 105,000 x 
g for 90 minutes. The resulting pellet (smooth microsomes) was 
rinsed and frozen, as was the rough microsome pellet. 
Preparation of fractions for determination of RNA and protein 
The cytosol, crude microsomes, rough microsomes, and 
smooth microsomes for each of the nine dogs were analyzed for 
their RNA and protein content by the procedures based on that 
of Lowry et (1951) for protein and Schneider (1957) for BNA. 
A variation of Schneider's (19 57) method was used for the prep­
aration of the various fractions into solution for analysis. 
Two ml of cold 5% tricholoroacetic acid (TCA) were added to each 
of the three microsome fractions. Equal volume (2.0 ml) of 10% 
TCA was added to each cytosol solution. The material was 
thoroughly mixed and a white precipitate containing RNA and 
protein was formed. The tube was centrifuged at 500 x g for 10 
minutes. The supernatant was aspirated off, the pellet re-
suspended in cold 5% TCA, and the suspension centrifuged at 
500 X g for 10 minutes. The supernatant was aspirated off and 
the pellet resuspended in cold 95% ethanol to remove lipids 
(Schneider, 1957). The tube was again centrifuged at 500 x g 
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for 10 minutes and the supernatant discarded. The precipitate 
was dissolved in 2.0 ml of IN NaOH. Sufficient HCl was added 
to obtain an approximately neutral solution. The tube was 
brought to 4.0 ml with distilled water. Duplicate 0.2 ml 
aliquots of this extract were taken for use in each of the 
analyses of both RNA and protein. 
RNA determination 
The method of Schneider (1957) was used for assaying the 
RNA content of the fractions. The orcinol reagent was made by 
dissolving, immediately before use, 1.0 gram of orcinol in 100 
ml of 12N HCl containing 0.5 g of FeClg. Exactly 2.0 ml of the 
orcinol reagent were added to 0.2 ml of the extract solution 
which was previously diluted to 2.0 ml with distilled water. 
The mixtures were heated for 20 minutes in boiling water. The 
intensity of the green color was read at 600 my in a Gilford 
Model 2000 recording spectrophotometer. The unknowns were run 
at the same time with a set of RNA standards made from appro­
priate dilutions of a 0.25 mg yeast RNA/ml stock solution. 
Protein determination 
The method of Lowry et al. (1951) was used for assaying the 
protein content of the fractions. Reagent A was made by dis­
solving NagCOg in 0.IN NaOH to final concentration of 2% (W/V). 
Reagent B was made by dissolving CuSO^ in a 1% sodium or 
potassium tartrate solution to a final CuSO^ concentration 
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of 0.5% (W/V). Reagent C was made by adding 50 ml of reagent 
A with 1.0 ml of reagent B. Exactly 0.2 ml of the extract 
solution was diluted to 1.0 ml with distilled water. To this 
solution were added 5.0 ml of reagent C. The solution was 
mixed, allowed to stand for 10 minutes at room temperature, 
after which Q.5 ml of Phenol Reagent (Fisher Folin-Ciocalteau) 
was added rapidly to the solution, mixed, and allowed to stand 
for exactly 10 minutes. The color was then read at 750 my in 
the Gilford Model 2000 recording spectrophotometer. All 
unknowns were run at the same time with a set of protein 
standards made from appropriate dilutions of a 1.0 mg bovine 
serum albumin/ml stock solution. 
Preparation of smooth microsomes for electron microscopy 
Pellet material was resuspended in 4% glutaraldehyde 
(Sabatini ejb al., 1963) prepared in O.lM phosphate buffer which 
contained 0.005M MgClg. It was allowed to stand at 5®C for 
1-1/2 hours, after which it was centrifuged at 105,000 x g for 
90 minutes. A small sample of the pellet material was removed 
from the centrifuge tube with a spatula and washed in O.lM 
phosphate buffer three times for at least 30 minutes each time. 
The tissue was post-fixed in 1% OsO^ (Millonig, 1961) for 1 
hour, dehydrated, and embedded in an epon-araldite mixture 
(Mollenhauer, 1964; Anderson and Ellis, 1965). 
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RESULTS 
Histology 
General histology 
In the dog, the pancreatic parenchyma appears brown with 
dark staining nuclei when the Weigert-Heidenhain-Van Gieson 
stain is used (Figures 1, 13). The cells of the acini are 
arranged into groups composed of six to eight pyramidal cells 
surrounding a central lumen (Figures 16, 17, 18). The acini 
are separated from each other by black-staining reticular 
tissue (Figures 19, 20, 21, 22). Collagenous tissue delimits 
the pancreatic lobules and stains red with the Weigert-
Heidenhain-Van Gieson stain. 
The islets of Langerhans are delimited from the surrounding 
acini by reticular tissue (Figures 19, 20, 21, 22). With the 
Weigert-Heidenhain-Van Gieson stain the cytoplasm of the islet 
cells stains very faintly, distinguishing the islet tissue from 
the surrounding parenchyma by its lighter-brown color (Figure 
13). Due to prior fixation in mercury formalin, it was not 
possible to stain the islet cells differentially, although this 
was attempted repeatedly using the known techniques (Gomori, 
1941; Maldonado and San Jose, 1967; Solcia et , 1968). 
With the Weigert-Heidenhain-Van Gieson stain, the blood 
vessels are well distinguished from the surrounding parenchyma. 
The internal elastic membrane of the arteries is easily 
recognized by its deep green color and scalloped appearance 
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(Figures 1, 2, 5, 7). The tunica media stains a yellow brown 
and is composed of smooth muscle and intermittent elastic 
fibers. Surrounding the tunica media is the adventitial layer 
composed of collagen. The histology of the vein is essentially 
the same, except for the lack of the scalloped appearance of 
the internal elastic membrane (Figure 1). Nerve bundles were 
encountered often, usually following the course of the blood 
vessels, but occasionally intermittently in the parenchyma 
(Figure 1). 
The intercalary ducts are composed of approximately six 
cuboidal epithelial cells and stain almost identically with the 
parenchmya with Weigert-Heidenhain-Van Gieson stain. However, 
this stain provides easy distinction of the interlobular ducts, 
which are composed of approximately low columnar epithelium 
immediately surrounded by substantial amounts of collagen 
(Figures 14, 15, 16, 17, 18). The elastic tissue occurs inter­
mittently in the collagenous portion of the ducts, and is 
concentrated close to the epithelium. 
Vascular changes 
One hundred pancreatic sections were stained with the 
Weigert-Heidenhain-Van Gieson stain. The dogs in this sample 
ranged in age from birth to 13.7 years. Since each pancreatic 
specimen contained several blood vessels, it was possible to 
assess the intrapancreatic age changes that might have occurred. 
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The most prominent vessel lesion appeared in a fox terrier, 
age nine years (Figures 2, 3, 4). Approximately two-fifths of 
the inner circumference of the vessel showed some lesion. Sub­
stantial collagen fibrosis occurred under the internal elastic 
membrane, resulting in a flattened intimai layer at several 
locations and the loss of the typical scalloped appearance of 
the intima. Where the internal elastic membrane was split, 
profuse elastosis and collagen fibrosis were seen (Figure 3). 
In addition, attention is called to what may have been the 
beginning of plague formation of possible smooth muscle compo­
sition (Figure 4). A cell can be observed passing through a 
discontinuity in the internal elastic membrane into this 
intimai thickening. No atheroma is apparent in this specimen. 
Sub-intimal collagen fibrosis was also observed in an 
eleven year old American cocker (Figures 5, 6). The internal 
elastic membrane was broken in several places, and a plaque of 
possible smooth muscle origin appeared to be forming. A cell 
nucleus (possibly belonging to a smooth muscle cell) was ob­
served migrating into the intima from the media, passing 
through the internal elastic membrane (Figure 6). A less 
severe case of sub-intimal collagen fibrosis was observed in 
another intrapancreatic artery in the same dog (Figure 7) . 
Flattening or disruption of the internal elastic membrane was 
not observed. 
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Figure 8 shows an intrapancreatic artery from an American 
cocker, age eleven years. While the intimai layer appears 
normal, the tunica media contains smooth muscle cells which are 
disoriented and which may represent the precursors of foam 
cells. These cells are surrounded by a thin layer of collagen. 
The blood vessels of all the other pancreatic sections 
appeared normal for all ages, with the exception of a very 
slight sub-intimal collagen fibrosis in the intrapancreatic 
artery of a three year old beagle. This represented the 
earliest evidence of any intrapancreatic vascular lesion in the 
beagle. However, it should be emphasized that no vessel lesion 
appeared again until the age of nine years, where the severest 
anomaly occurred. Similarly, the oldest dogs beyond nine years 
of age showed no intrapancreatic vascular lesions, with the 
exception of the three cases already discussed. 
For comparison purposes, the intrapancreatic vessels of 
five aged hogs were also examined. As in the case of the dog, 
virtually all of the intrapancreatic blood vessels showed no 
lesions. However, some pathology was apparent in a compara­
tively small number of these vessels. Figure 9 shows a small 
artery with an intimai thickening of possible smooth muscle 
origin developing. The internal elastic membrane is not 
completely intact and some fibrosis is evident. Figure 10 
shows another intrapancreatic vessel from an eight year old hog. 
An intimai thickening of probable smooth muscle origin can be 
observed. Some duplication of the internal elastic membrane 
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has occurred. 
In comparing the dog and the hog, it appears that neither 
species is subject to a large number of intrapancreatic 
vascular lesions with age. However, the degree of severity of 
the lesions that are present seems to be greater in the hog 
than in the dog. The lesions in the dog tend to be sclerotic, 
while those in the hog are atheromic. 
Calcium deposition 
Pancreatic sections from a sample of one hundred beagles 
and mixed breed dogs were stained with Von Kossa's stain and 
examined for calcium salt deposition. The results were identi­
cal in all the sections. No deposition of calcium salts was 
observed in any of the blood vessels, ducts, islets, or acinar 
tissue. Special attention was paid to those vessels which 
showed lesions. However, none of these arteries showed any 
calcium deposition in the intima, media, or adventitia. 
Connective tissue 
A sample of one hundred beagles and mixed breed dogs 
(ages birth to thirteen years) were studied for connective 
tissue changes occurring as a result of advancing age. The 
Weigert-Heidenhain-Van Gieson stain was used to study the 
elastic and collagenous tissue, while Gomori's reticular stain 
was used to evaluate the reticular tissue, particularly in the 
islets of Langerhans. Those connective tissue changes which 
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occurred in the bleed vessels have been described in the sec­
tion dealing with vascular changes. 
The collagenous connective tissue which separates the 
pancreatic lobules did not change quantitatively with advancing 
age. There was neither proliferation of the extralobular con­
nective tissue, nor an increase in the intralobular supporting 
connective tissue with age. Figures 1 and 13 show typical 
sections through the pancreas of a young and old dog, respec­
tively. Both sections appear to be identical with respect to 
the amount of intralobular connective tissue. These observa­
tions apply to virtually all the dogs between the ages of 
birth and thirteen years which were examined. 
In a relatively small number of aged dogs, it was observed 
that small portions of the pancreatic parenchyma were in the 
process of fatty degeneration (Figure 11). It appeared that 
certain portions of the degenerating tissue were being replaced 
by collagenous tissue. This degeneration, however, was not far 
advanced in any of the specimens and involved relatively small 
areas of parenchyma. For comparison, the pancreata of five 
aged hogs were examined and found to contain a similar fatty 
degeneration (Figure 12). However, in the hog this process 
seemed to occur more frequently and involved slightly greater 
portions of the parenchyma than it did in the dogs. 
Th.e islets of Langerhans were carefully examined in each 
of one hundred pancreatic specimens. No islet fibrosis. 
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hyalinization, or denegeration was noted in any of the islets. 
Figure 13 shows a typical section through the pancreas of a 
thirteen year old dog. The normal appearance of all the islets 
should be noted. Figures 19, 20, 21, and 22 show the islets 
of Langerhans (stained with Gomori's reticular stain) from dogs 
three weeks, five weeks, three years, and ten years of age, 
respectively. The pattern and amount of reticular connective 
tissue within and surrounding the islets appears to be approxi­
mately the same in each of these islets. It is concluded that 
no significant infiltration into the islets by reticular tissue 
occurs with advancing age. It is also apparent that the 
reticular tissue associated with the intra~islet vascular 
system does not change significantly as the dog ages. 
The pancreatic ducts examined in each of the one hundred 
specimens were those of the intercalary and interlobular type. 
The intercalary ducts, each composed of approximately six 
cuboidal epithelial cells, showed no proliferation of the 
reticular tissue between the cells or between the ducts and the 
surrounding parenchyma. The interlobular ducts were lined with 
cuboidal to low columnar epithelium, which was surrounded by 
large amounts of collagenous tissue. Elastic tissue was ob­
served intermittently among the collagen and was, for the most 
part, concentrated more toward the epithelium and less toward 
the periphery. Figures 14, 15, 16, 17, and 18 show the inter­
lobular ducts from dogs six months, nine months, three years. 
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nine years, and twelve years, respectively. It- is evident 
that the basic histology of these ducts is essentially the same 
with regard to hyperplasia, metaplasia, and the relative 
amounts of elastic and collagenous tissue. In addition, no 
infiltration of the epithelial layer by connective tissue was 
observed in any of the ducts with advancing age. 
Lipofuscin pigment 
The AFIP, Nile Blue, Ziel Neelsen, and PAS methods were 
used to locate the accumulation of lipofuscin pigment in th.e 
dog pancreas. Possibly because of the fixation of the tissue 
in mercury formalin, only the PAS stain proved satisfactory and 
gave conclusive results. In addition to specific staining 
techniques, the fluorescence microscope was used to examine the 
pancreas for autofluorescence, since lipofuscin has such prop­
erties. The results are presented in Figures 23 through 30. 
Autofluorescence was observed in the interlobular ducts 
of a majority of the aged canine specimens examined. The first 
occurrence of the fluorescence believed to represent lipofuscin 
was observed in the interlobular duct of an eight month old 
beagle. However, insignificant amounts of autofluorescence 
were observed in the specimens examined between the ages eight 
months and four years. At four years, one beagle displayed 
unusually large amounts of autofluorescent material in the 
parenchyma. The pigment was located in the perinuclear posi­
tion in the acinar cells (Figures 27 and 28). Most of the 
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material fluorescing was in granular form and did not appear 
as large pieces of broken blood cells, which also displayed 
autofluorescence. The PAS stain for lipofuscin was applied to 
the same area of the pancreas in the same beagle, and a positive 
reaction was obtained. The PAS-stained granules also appeared 
in the perinuclear position in the same area examined for auto-
fluorescence (Figure 30). This beagle represented the only 
significant case where lipofuscin-like pigment was found in the 
pancreatic parenchyma. 
While most of the older dogs displayed autofluorescence, 
it was confined, for the most part, to the interlobular ducts. 
Figures 23, 24, and 26 show interlobular ducts from dogs ten, 
twelve, and thirteen years, respectively. In all the specimens 
examined, the autofluorescence was confined to the epithelium 
of the ducts. The FAS stain was also positive in the same 
ducts as those with autofluorescence. An example is presented 
in Figure 29. 
Autofluorescence was found in the pancreatic islets. 
However, no pattern of occurrence was observed with respect to 
age. Autofluorescence was observed in the islets of Langerhans 
of young and old dogs, while many islets showed no auto-
fluorescence in dogs from all age groups. Figure 25 shows an 
example of an islet with autofluorescent properties. It is 
noted that this fluorescence is of a slightly different quality 
than that observed in the ducts. 
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Amyloid 
Thioflavin-T was used to stain specifically for amyloid 
deposition in the canine pancreas. The results were largely 
negative with respect to the blood vessels, ducts, and paren­
chyma. However, a deposit of amyloid was observed occasionally 
in an artery (Figure 32) and a duct (Figure 31). No amyloid 
was found in any of the islets, as shown in Figure 35. For 
comparison, blood vessels (Figure 33) and a duct (Figure 34) 
which showed a negative reaction for amyloid are presented. 
Overall observation 
No differences were apparent in the normal histology of 
the pancreatic specimens with regard to the breed of the dog. 
However, it appeared that the mixed breed dogs were subject to 
more frequent and more severe vascular lesions than were the 
beagles. 
Islet quantitation 
Summaries of the most salient features of the regression 
analyses are presented in Graphs 1-6. Statistics pertaining to 
the regression lines are given with each graph. Raw data from 
which these graphs are derived is found in Tables 1-8. 
Analysis of islet area on body weight in the beagles shows 
that the average area of an islet, calculated on the basis of 
the average of ten islets per specimen, increases as the body 
weight of the dog increases (Graph 1). The regression is 
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linear, the correlation statistically significant at the 5% 
probability level. The average area of an islet was also 
analyzed as a function of age. No statistically significant 
pattern was obtained beginning with 0.1 week, even on the basis 
of islet area/kg body weight vs. age. No significant sex dif­
ferences were found in any of the age groups using this method. 
The total islet "hits"/1210 possibilities was plotted 
against age for each of the three age groups of beagles (Graphs 
2-5). The equations from which these lines were calculated 
accompany the graphs. The birth through 8 weeks group showed 
a statistically significant difference between males and 
females. Both sexes showed curvilinear regressions (Graph 2). 
Analysis of the total islet, "hits"/1210 possibilities vs. age 
revealed a statistically significant pattern for this age group. 
However, neither significant sex differences, nor the correla­
tion of islet "hits"/1210 possibilities vs. age obtained from 
regression data from the other age groups was statistically 
significant. While the 1 year to 13.7 year age group showed an 
empirical decrease in the islet "hits"/1210 possibilities vs. 
age, the correlation was not significant at the 5% level of 
probability. The empirical decrease in the second group, 3 
through 11 months, was negligible. 
Islet "hits"/1210 possibilities vs. age was also analyzed 
for the sample of miscellaneous breed dogs, which ranged in 
age from 7 years to 13 years (Graph 5; Table 4 ), The regres­
sion analysis was comparable to that segment of the line 
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representing the beagles in the age interval 7 years to 13.7 
years (Graph 6). As in the case of the beagles, the miscel­
laneous breeds showed only an empirical decrease in the islet 
"hits"/1210 possibilities vs. age, the change being statistical­
ly insignificant at the 5% probability level. 
In Tables 1-4 the total islet "hits"/1210 possibilities 
has been translated to its percent, representing the percent 
islet volume per total pancreas volume. The percent islet 
volumes range from 0.49% to 3.71%. 
No significant relationship was found when the number of 
islet "hits"/1210 possibilities was analyzed as a function of 
body weight, or when the number of islet "hits"/1210 possibil­
ities vs. age was analyzed as a function of body weight. 
Ultrastructure of Pancreatic Acinar Cell 
The canine pancreatic acinar cell was investigated for 
ultrastructural changes occurring as a result of advancing age. 
A group of nine dogs between the ages of one and nine years 
was studied. 
The overall ultrastructure of the exocrine cells examined 
was similar in young and old dogs in the present study. These 
cells appeared pyramidal in shape, unless sectioned obliquely, 
and no total cell degeneration was observed. The cytoplasmic 
matrix was of uniform density at different ages. The plasma 
membranes of adjacent cells showed considerable interdigitation . 
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along some portions of the cell (Figure 37). One (Figure 37) 
or two (Figure 36) prominent nucleoli were seen within the 
nuclei, which assumed a basal position. The endoplasmic 
reticulum was extensive throughout the cell and was almost 
exclusively of the rough variety (Figures 37-46). In addition 
to the bound ribosomes, a smaller number of ribosomes were seen 
free in the cytoplasm (Figures 37-46). Depending upon the 
plane of section, the mitochondria appeared oval to elongated 
and contained cristae running perpendicular to the long axis 
(Figures 38-40). While the mitochondria were somewhat more 
abundant in the basal cytoplasm, they occurred throughout the 
cytoplasm. The zymogen granules were confined to the apical 
regions of the cell and appeared as uniform structures when 
fully formed. However, various stages of zymogen granule 
development were seen. Figure 36 shows immature or prozymogen 
granules, as well as the larger number which are fully formed. 
The size of the granules varied within a cell, while the number 
varied from cell to cell, according to the stage of the secre­
tion cycle for the given cell. No pattern was observed in the 
zymogen profile with age. 
The acini were separated from each other by a space in 
which nerves and blood vessels were sometimes seen. Figure 38 
shows a Schwann cell with its membrane invaginating to partially 
enclose the axon bundles. A basement membrane can be seen 
following close to the acinus periphery in the interacinar 
space. 
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In evaluating ultrastructural changes occurring with ad­
vancing age in the canine pancreatic acinar cell, attention 
was focused on changes in the commonly-occurring organelles, 
as well as to structures whose existence fluctuates with and 
is controlled by the physiological state of the system. Fixa­
tion procedures were identical for all specimens and appeared 
to be satisfactory for all the specimens examined. 
No age changes were noted with regard to the overall 
structural integrity of the nucleus. The double membranes 
surrounding the nucleus were intact and showed no disruption 
or alteration with age (Figures 36, 37). The structure of the 
nucleoli also appeared normal. 
In examining the mitochondria, special attention was payed 
to mitochondrial size and the number, size, and integrity of 
the cristae as a function of age. Here no pattern was observed 
with age. The mitochondria of older specimens appeared normal 
and identical to those from younger dogs, even when in close 
proximity to lysosomal material (Figures 39, 40). No angula­
tions of the cristae were observed and, therefore, no intra-
mitochondrial compartmentalization occurred. Intramitochondrial 
granules were present in all the specimens. No change in the 
distribution pattern of the mitochondria was observed with age. 
Similarly, the rough endoplasmic reticulum appeared intact 
in both young and old dogs. Those membranes in the near 
vicinity of secondary lysosomes appeared unaffected by the 
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degenerative process (Figures 39-46). In general, the protein 
synthesizing and secreting mechanisms of the acinar cells did 
not appear to be altered with age at the ultrastructural iQvel. 
The most prominent ultrastructural variation observed in 
the pancreas was the occurrence of lysosomes or degenerating 
bodies (Figures 37-46). While these lysosome-like organelles 
occurred in acinar cells from young and old dogs, they were 
somewhat more abundant per given cell in the older animals. 
While two or three lysosomes were observed in some of the 
acinar cells in older dogs, no more than one lysosome was 
generally observed in the acinar cells from young dogs. Fur­
ther, there appeared to be more variation in the morphology of 
the lysosomes in the older dogs. More specifically, lysosomes 
resembling denser bodies (Figures 39, 40) and crystalline-like 
denser bodies (Figure 42) were not observed in the younger 
acinar cells. However, this observation may have resulted 
strictly from chance. 
The lysosomes observed in the younger dogs resemble those 
in Figures 37, 43, 44, and 45. The spectrum of lysosomes ob­
served in the older dogs is presented in Figures 36, 37, and 
39-46. No pattern was observed with regard to the position of 
these organelles. While some were observed in close proximity 
to the nucleus (Figures 37, 46), others assumed a position at 
the cell periphery (Figure 39) or among the zymogen granules 
(Figure 41) . The possible components atid significance of these 
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lysosomes are considered in the discussion. 
Comments on Beta Cells 
While it was not the intention of this thesis to study the 
ultrastructure of the endocrine cells, one interesting observa­
tion was made during routine scanning of the pancreas. Several 
beta cells showed dense accumulations of lipofuscin-like 
material associated with an apparent lipid component (Figures 
47, 48). In some cases, more than one deposit of the dense 
material was observed in one cell (Figure 48). The remainder 
of the pigment-containing cells appeared normal, showing no 
degranulation or degeneration. These cells were observed in a 
nine year old dog. 
Figure 49 shows the relationships between an arteriole 
and the beta cells and a perivascular space. Macrophages were 
present in this perivascular space, which was delimited by a 
basement membrane. Collagen fibrils and axon bundles were 
present in the surrounding tissue. The arteriole was lined by 
a single layer of endothelial cells, beneath which were smooth 
muscle cells and collagen fibers more peripherally. The 
relationships observed in this figure appeared normal. 
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Cell Fractionation Study 
Appearance of fractions 
The crude microsome fraction, obtained from the 10,000 x 
g supernatant of the 25% pancreatic homogenate, appeared as a 
reddish-brown tightly packed pellet. In some specimens a 
white, glycogen-like material accumulated along side the micro­
somes. This material was easily removed with a careful rinse 
of the microsomes with Medium A. The post-microsomal super­
natant (cytosol) appeared as a clear red solution. 
When the 10,000 x g supernatant containing 15mM CsCl was 
layered over 1.3M sucrose-15mM CsCl and centrifuged at 144,000 
X g for 210 minutes, two microsome subfractions were obtained. 
A red to brown homogeneous pellet, designated as the rough 
microsome fraction, was obtained at the bottom of the centrifuge 
tube. In addition, a well-delimited fluffy double layer, des­
ignated as the smooth microsome fraction, appeared at the 
interface line between the 1.3M sucrose-15mM CsCl and the clear 
red solution from the 10,000 x g supernatant. The top layer 
of the smooth microsome fraction (double fluffy layer) was red 
and appeared directly above the interface line. The bottom 
layer of the smooth microsome fraction was brown-orange and 
was situated directly below the interface line. The 1.3M 
sucrose-15mM CsCl layer between the two microsome subfractions 
appeared perfectly clear. 
79 
After centrifugation of the fluffy double layer (smooth 
microsome fraction) for 90 minutes at 105,000 x g, a homogene­
ous red pellet smaller than that of the rough microsomes was 
obtained. 
RNA and protein 
The RNA/protein ratios were determined for the crude 
microsome, rough microsome, smooth microsome, and cytosol 
fractions for each dog in each of the three age groups. The 
average ratio of each cell fraction of each age group is 
presented below. 
RNA(mg/ml)/protein(mg/ml) 
age in crude rough smooth 
years microsomes microsomes microsomes cytosol 
1^ 0.82^+ 0.09 0.95 + 0.15 0.36 + 0.07 0.09 + 0.07 
5.3 0,80 + 0.05 1.05 + 0.25 0.34 + 0.02 0.16 + 0.03 
9 0.72 + 0.10 0.71 + 0.09 0.34 + 0.10 0.11 + 0.06 
The raw data for this summary is found in the Appendix in Table 
9. 
Comparison of the mean value of the one year age group to 
that of the nine year group shows a small but definite reduc­
tion in the RNA/protein ratio of the crude microsomes with age. 
^Three dogs were observed within each age group. 
2 Average of three dogs of each group. 
^RNA/protein ratio + standard deviation. 
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A decrease in the ratio from 0.823 to 0.723 represents a 13% 
reduction. The five to six year group shows a reasonable 
intermediate value of 0.80 0. 
This tendency for the RNA/protein ratio to decrease with 
advancing age is also reflected in the means of the microsome 
subfractions (rough and smooth). The mean value for the rough 
microsome fraction in the nine year group represents a 17% 
reduction over the mean for the one year group. However, the 
decrease in the RNA/protein ratio for the smooth microsomes is 
considerably smaller, representing a 6% reduction. The mean 
value for the rough microsomes is somewhat higher than expected 
for the five to six year age group, while that for the smooth 
microsomes is reasonable. The RNA/protein ratios for the 
cytosol fractions show no consistent pattern with respect to 
age. 
The ratios of the amount of RNA in the rough and smooth 
microsomes are summarized below. 
age in 
years 
RNA in rough microsomes 
RNA in smooth microsomes 
1 1 2.68 + 0.94 2 
5.3 1.75 + 0.42 
9 2.21 + 0.93 
1 Average of three dogs in each age group 
2 Standard deviation 
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The results of this summary indicate a possible trend. The RNA 
ratio between the rough and smooth fractions for the nine year 
age group are lower than those of the one year group, although 
the five to six year group is lower than expected. 
The electron micrograph (Figure 50) of the smooth micro­
some pellet shows only smooth membranes with free ribosomes 
scattered around these membranes. 
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DISCUSSION 
Histological Observations 
Connective tissue 
The term connective tissue includes a variety of tissues 
which differ morphologically, chemically, and functionally. 
The present study is concerned with the interstitial reticulum 
and collagen of the parenchyma, and the elastic and collagen of 
the blood vessels and ducts. Those connective tissue changes 
involving the blood vessels are discussed under vascular 
changes. 
Connective tissue has been the subject of a large number 
of aging studies. Meyers and Lang (1946) have demonstrated 
increased collagen content with age in adult human thoracic 
aortas. Kirk and Dyrbye (1956) found decreased mucopoly­
saccharide content in thoracic aortas from humans over 60 years 
of age, in addition to increased ratios of galactosamine to 
glucosamine in the aorta mucopolysaccharide fraction with 
advancing age. A decrease in the gel to fiber ratio with age 
in the skin of rats, rabbits, and man has been demonstrated 
(Sobel et , 1953; Sobel and Marmorston, 1956). 
Increased connective tissue with advancing age has been 
reported in a number of endocrine tissues. Bourne and Jayne 
(1961) in a review listed connective tissue proliferation as 
an aging factor in the mammalian adrenal gland. Charipper and 
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Pearlstein (1961) reported replacement of reticular fibers by 
dense collagenous fibers in the thyroid with age, while 
Rasxnussen (1934) reported increased interstitial connective 
tissue in the pituitary. 
The aging of collagen fibers was reported by Verzar (1957) 
as taking place by three processes. Thermal aging of collagen 
fibers causes breakdown of the mucoprotein from the collagen 
macromolecule; there is a decrease in the production of ground 
substance by cells of the connective tissue; and third, the 
aging of the elastoidin-like part of the collagen fiber 
increases the rigidity of this molecule, due to an increase in 
cross-linkages. 
The fact that the canine pancreas in the present study 
does not show increased intralobular connective tissue with 
advancing age may be related in part to the parenchymatous 
nature of the gland (Figure 1). Since significant increases 
in collagen fibers (with consequential decreases in ground sub­
stance) are not observed in the parenchyma, it is reasonable 
to assume that the normal diffusion processes in the parenchyma 
are not impeded as the dog pancreas ages. Further, since 
relatively small portions of the parenchyma undergo fatty 
degeneration with connective tissue replacement in the aged 
dog (Figure 11), it can be assumed that the overall normal 
functional capacity of the pancreas is not significantly af­
fected due to connective tissue changes with advancing age. 
84 
Fatty degeneration may result from self-digestion by pre­
mature activation and release of the digestive enzymes normally 
produced by the pancreas. It is encountered occasionally in 
old dogs, hogs, sheep, cattle, and horses, and may result from 
injury, inflammation, or circulatory disturbances (Runnells, 
1954). In addition, dogs and cattle sometimes show pancreatic 
atrophy where much of the glandular substance is crowded out 
by adipose tissue, but with no fibrosis (Runnells, 1954). This 
was not observed in the present study. 
Another observation in the present study was that no 
significant change in the deposition of reticular tissue was 
observed at the light microscope level. The reticulum was 
studied to determine whether any significant change in this 
connective tissue surrounding the acini, or within the islets 
of Langerhans, occurs with age. In the dog, a fine layer of 
reticulum delimits the islets of Langerhans from the acini. 
The endocrine nature of the islets necessitates a rich vascular 
supply to this tissue. Reticulum staining patterns were ob­
served to follow the course of the islet vessels, with virtually 
all the intra-islet reticulum being associated with the base­
ment membrane of the capillaries. No reticulum was seen 
separating groups of cells into intra-islet "lobules". The 
reticulum maintaining the parenchymatous nature of the gland 
was also observed not to be subject to quantitative changes 
with age in the dog. 
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That collagen is related to reticulum is known, although 
the exact relationship is not clearly understood. Gross (1950) 
has demonstrated a significant increase in the collagen to 
reticulum ratio in the skin of the rat with advancing age. 
Although Bear (1944), using wide x-ray diffraction, was able 
to demonstrate a 640A° periodicity in the mature collagen 
molecule. Porter and Vanamee (1949) described silver-staining 
fibrils with a periodicity of 270A° in tissue culture studies. 
As the culture increased in age, the distinctive collagen 
periodicity of 6 40A° developed by thickening of the 270A® bands. 
Thus, the difference between collagen and reticulum may only 
involve size. 
Summarizing the connective tissue picture, it appears that 
the canine pancreas does not undergo significant age changes in 
the connective tissue of the endocrine and exocrine portions of 
the gland. However, connective tissue changes are described 
for the intrapancreatic arteries. The islets of Langerhans 
appear normal in young and old dog and show no fibrosis, 
hyalinization, or degeneration. The significance of this is 
discussed under amyloid. It is assumed that the functional 
capacity of the pancreas is generally unimpaired in the older 
dogs with reference to changes brought about by alterations in 
the connective tissue. 
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Blood Vessels 
Examination of the intrapancreatic blood vessels indicates 
that this vascular system is rarely subject to changes which 
occur as a result of advancing age. The few lesions which have 
been found in the beagle and mixed breed sample are sclerotic 
in nature, not atheromic, with definite increases in the col­
lagenous and elastic tissue noted (Figures 2, 3, 4, 5, 6, 7). 
The fact that such fibrosis occurs almost exclusively in the 
older age group may indicate a tendency for intrapancreatic 
vascular sclerosis to occur with age in the dog. However, it 
can be effectively argued that intrapancreatic vascular lesions 
are not a "normal" age change, since they do not occur with 
great frequency and do not necessarily appear in the most aged 
specimens (13.7 years), but do occur at somewhat earlier ages 
(3, 9, and 11 years). 
The physiological significance of this increase in col­
lagen fiber density lies in the formation of a connective 
tissue barrier which could act to impede the normal diffusion 
exchange of COg and 0^ and nutrients and wastes between the 
blood and the vessels, and which could reduce the blood flow 
through the vessels. This might result in metabolic imbalances 
which may directly or indirectly affect the aging rate of the 
tissue involved. 
In addition to connective tissue changes, the involvement 
of smooth muscle cells in atherosclerosis is well known and 
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has been described in numerous studies. Jores (1924) demon­
strated the presence of smooth muscle cells in the intima of 
involuting uterine arteries and in the musculoelastic layer of 
the aorta. Using the light microscope, Haust et (1957) 
and More et a^. (1957) described the organization of thrombi 
in atherosclerotic plaques of the human aorta by smooth muscle 
cells. Geer et (1961) has shown that the cells comprising 
the small thin plaques of intracranial arteries have the fine 
structure of smooth muscle cells. This has been confirmed, and 
smooth muscle cells have been shown to occur with experimental 
atherosclerosis where they give rise to foam cells, accumu­
lating lipid (Parker, 1960; Still and O'Neil, 1962). There is 
evidence that these cells produce the initial anatomic lesion 
in human atherosclerosis (Balis, Haust, and More, 1964)^ and 
in experimental hypercholesterolemic lesions (Parker and Odland, 
1966) . It has been suggested that these cells represent a 
"pre-atheroma" phase of the disease (Daoud, Jarmolych, Zumbo, 
and Fani, 1964)^. This view has been supported by Antonius 
and Hill (1968). 
In the present study, only one intrapancreatic artery in 
the dog shows prominent alterations in the smooth muscle cells 
(Figure 8). Since these cells are surrounded by a thin layer 
of collagen and appear asymmetrically disoriented in the media 
^Cited by Antonius and Hill (1968). 
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of the vessel/ the possibility of artifact due to orientation 
of the plane of section is precluded. The anomaly in the 
tunica media of this vessel probably represents a precursor 
condition to advanced atherosclerosis, since smooth muscle 
cells are involved. 
The observations of the present study suggest little 
intrapancreatic vascular pathology with advancing age in the 
dog. This is in agreement with Brown (1965) who pointed out 
that the larger arteries are more susceptible to disease, while 
small arteries within the parenchyma of organs are infrequently 
affected. He suggested that the high degree of turbulence in 
the larger vessels may account for this phenomenon. An in­
creased frequency of intrapancreatic proliferative vascular 
lesions has been reported to occur when hyalinization of the 
islets was also present (Berns et al., 1964). However, a 
thorough examination of the islets in the present study re­
vealed no significant islet degeneration. Therefore, no 
increase in proliferative vascular lesions, resulting from 
gross islet pathology, were expected or found. 
Getty (1965a, b) has observed and documented intimai 
thickening and atherosclerotic plaques in all the major blood 
vessels of the hog and dog. However, he noted that lipid 
accumulation appears to be a secondary event seen in the older 
dog, and that the sequential timetable of vascular wall 
alterations is different in the dog and hog. According to 
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Roberts (1961), the dog is more resistant to atherosclerosis 
than other species, Luginbuhl et (1965), studying athero­
sclerotic lesions in aged dogs, reported that smooth muscle 
cells in intimai plaques and thickenings do not occur in such 
great numbers as in the arterial lesions of aged swine. 
In view of the reported species differences concerning 
the development of vascular lesions, it is not surprising that 
examination of the five aged hogs revealed intrapancreatic 
lesions different in type and severity from those found in the 
beagle and mixed breed sample. On the basis of species dif­
ferences and the small size of the blood vessels, it is con­
cluded that no significant age changes occur in the intrapan­
creatic blood vessels of the dog. It also appears that the dog 
is more subject to sclerotic lesions, as opposed to the 
atheromic condition seen more often in aging swine. 
Calfaium deposition 
The negative results obtained with the Von Kossa stain 
indicate that no calcium deposition occurred in any of the one 
hundred pancreatic sections examined. Special attention was 
given to the arteries,, particularly those showing lesions, 
since calcium deposition may occur in arteries with advanced 
lesions. However, none of the canine intrapancreatic arteries 
in the present study showed far advanced or atheromatous 
lesions. In addition, the vessels studied were relatively 
small in diameter. Since calcification usually affects the 
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larger arteries and occurs in more advanced lesions (Runnells, 
1954), it is understandable that no calcium deposition was 
found in the intrapancreatic blood vessels in the dog. Based 
on the relative infrequency and mildness of the vascular 
lesions in the present study, it is unlikely that a significant 
number of the lesions would eventually have become severe 
enough to include calcium deposition. 
Amyloid 
In the present study, sections of pancreas from aged dogs 
were stained specifically for amyloid with Thioflavin-T. 
Examination with the fluorescent microscope revealed only rare 
deposits of amyloid in a duct (Figure 31) and blood vessel 
(Figure 32) and completely negative results with regard to the 
islets of Langerhans (Figure 35). This was expected in view 
of the fact that no hyaliniztion was seen with the hematoxylin 
and eosin stain, and no fibrosis was observed with the Weigert-
Heidenhain-Van Gieson stain. 
It is well known that amyloid occurs in the heart (Ferris, 
1936; Messier and Freedberg, 1948; Ballinger, 1949; Hurlbut and 
Meyer, 1949; Wright et , 1969) and blood vessels (Scholz, 
1938; Pantelakis, 1954; Morel and Wildi, 1952; Divry, 1956; 
Horst et , 1960). Buerger and Braunstein (1960) have also 
identified amyloid in the pulmonary capillaries, and the small 
blood vessels of the uterus, ovary, adrenals, and the pancreas. 
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Hyalinization of the pancreatic islets has been reported by 
many workers (Gellerstedt, 1938; Arey, 1943; Warren and 
LeCompte, 1952). Bell (1959) has shown that although the 
incidence of islet hyalinization increases with age in both 
diabetics and non-diabetics, the incidence is much higher in 
patients with diabetes mellitus. It appears that the hyalin 
material deposited in the islets of Langerhans of diabetics and 
non-diabetics is amyloid (Wright ^  , 1969; Lacy, 1964). 
One reason why no amyloid or hyalin was observed in the 
islets of Langerhans in the present study may be the breeding 
of the dog colony and their diet. Only healthy dogs are bred 
in the beagle colony, reducing the chance of incorporating 
hereditary strains with a tendency toward diabetes. In 
addition, while non-colony dogs are often exposed to high fat 
or high carbohydrate diets which could induce diabetes as the 
dog ages, the dogs used in this study were reared on a care­
fully controlled diet of Gaines commercial feed. Therefore, 
it is possible that factors contributing toward islet degenera­
tion and diabetes have been "selected out" of this colony, and 
that any diabetes occurring would have been relatively mild. 
Berns et (1964) have shown that vascular lesions in 
the pancreas occur more frequently in diabetics than in non-
diabetics and where hyalinization is present. Since no 
hyalinization was observed in the canine sample, the lack of 
intrapancreatic vascular lesions in the present study is condu­
cive with the findings of Berns et al. (1964). The rarely-
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observed vascular and ductal amyloid deposits in the present 
study represent potential barriers to the normal diffusion of 
wastes and nutrients and may be a precursor condition to more 
severe lesions. 
Lipofuscin 
Four separate staining techniques were used to test for 
the presence of lipofuscin aging pigment in the canine pancreas. 
Each staining technique was run with an aged porcine brain as 
a control. In addition, sections were deparaffinized, mounted 
in glycerol, and examined for autofluorescence with a Leitz 
Ortholux microscope. 
The first description of lipofuscin is credited to 
Hannover (1842) who described these granules in dissected nerve 
cell preparations. The autofluorescent properties of lipofus­
cin granules were first described in animal hearts in work by 
Stubel (1911). Lipofuscin has been defined by Bjorkerud (1964) 
as intracellular entities characterized by pigmentation, 
partial insolubility in lipid solvents, positive PAS and 
Schmorl reactions, acid fastness, and autofluorescence. 
Several investigators have related an increase in 
lipofuscin concentration to advancing age (Bohmig, 1935; Jayne, 
1950; Strehler et al., 1959). The occurrence of lipofuscin 
has been reported in a variety of organs, such as the canine 
and porcine brain (Whiteford and Getty, 1966) and rodent brain 
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(Reichel ejb ^ 1968), the adrenal, ovary, testes, heart, and 
kidney of the rat (Reichel, 196 8), the canine heart (Munnell 
and Getty, 196 8c), the spinal cord and ventral horn (Sulkin, 
1955; Few and Getty, 1967), spinal ganglia (Bondareff, 1957), 
and the liver (Haraszti et , 1967). 
There is very little information in the literature con­
cerning lipofuscin accumulation in the pancreas. Grafflin 
(1940) observed a large number of fatty inclusions in the 
exocrine and endocrine portions of the human and rabbit 
pancreas. These inclusions exhibited a yellow fluorescence 
and were interpreted as representing the aging pigment. 
The only ultrastructural report on lipofuscin accumulation 
in the pancreas is a study by Kurtz (1961). However, it is 
this author's opinion that the micrographs presented by Kurtz 
show structures which might be classified as lysosomes instead 
of lipofuscin. It is often difficult to distinguish between 
the lysosome and early lipofuscin granule, since lipofuscin is 
believed to originate from the lysosome (de Duve and Wattiaux, 
1966), perhaps from the accumulation and auto-oxidation of the 
lipid components of the lysosomes (Strehler, 1962). Essner 
and Novikoff (1960) and Barka and Anderson (1962) agree that 
lipofuscin pigments are altered lysosomes. While the Golgi 
apparatus (Gatenby, 1953; Bondareff, 1957) and mitochondria 
(Hess, 1955; :^uncan et al., 1960) have also been implicated in 
the origin of the aging pigment, the relationship of lipofuscin 
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and lysosomes appears to be firmly established. The hydrolytic 
enzymes, acid phosphatase and non-specific esterase, have been 
shown to be common to both lysosomes and lipofuscin granules 
(Gedigls and Bontke, 1956; Essner and Novikoff, 1960; Novikoff, 
1961; Ashford and Porter, 1962; Strehler, 1964; Samorajski 
et , 1965). These studies noted the ultrastructural char­
acteristics common to lysosomes and lipofuscin pigments and 
described structures probably representing intermediate stages 
between the two organelles. 
The results of the present study indicate that auto-
fluorescent material accumulates in the epithelium of the 
interlobular pancreatic ducts of the older dogs. The fact that 
the fluorescing material is more prevalent in the older dogs, 
and that this same material can elicit a positive PAS reaction 
indicates the likely presence of lipofuscin as the fluorescing 
material. Since pancreatin was used in the PAS staining pro-
cedure, the positive PAS reaction can not be attributed to 
carbohydrates. 
Since fatty material autoflucresces, it is possible that 
the unusually large amount of fluorescing material found in the 
four year old beagles (Figures 29 and 30) represents the 
results of altered carbohydrate metabolism which has shifted 
to fat metabolism. This fatty material would have the potential 
of auto-oxidizing into the lipofuscin pigment. This four year 
old beagle represents an exception, in that most of the 
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lipofuscin observed in the present study occurred in the inter­
lobular ducts and not in the parenchyma. 
No conclusion can be drawn concerning the intermittent 
autofluorescence observed in the pancreatic islets (Figure 27) 
from dogs representing all ages. It is possible that the 
granules of the islet cells are contributing to the fluores­
cence, which is of somewhat different quality than that ob­
served in the ducts (Figures 25, 26, and 28). No positive PAS 
reaction was observed in any of the pancreatic islets examined. 
The significance of the accumulation of the lipofuscin 
pigment in the pancreas is questionable. There is no evidence 
that lipofuscin accumulation in the heart (Strehler et al., 
1959; Munnell and Getty, 1968c), for example, affects the 
functional capacity of that organ. Similarly, there is no 
evidence that the observed pigment in the canine pancreas had 
any significant affect on the normal activities of the exocrine 
system. It may be indicative of altered metabolism; however, 
this is conjecture. 
It may be concluded that the canine pancreas is subject 
to occasional lipofuscin pigment accumulation in the inter­
lobular ductal epithelium, and less frequently, in the peri­
nuclear position in the exocrine parenchyma. 
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Islet Quantitation 
In a statistical analysis, one of the most important fac­
tors bearing on the validity of the results is the size of the 
sample. The beagle sample used in this study represents over 
80 animals, in addition to the 18 miscellaneous breed dogs. 
While the number of beagles contributing to each of the three 
age groups is not very large, the sample is probably adequate 
to indicate a trend. The same applies to the miscellaneous 
dogs. 
Of the two sampling methods employed, using the net 
reticule to calculate the number of "hits"/1210 possibilities 
was less variable than calculating the average islet area in 
square microns. Occasionally "islets" containing only one or 
two cells were encountered. The small size of these islets 
greatly decreased the probability of their lying under an 
intersecting point of the reticule grid lines. Measuring the 
area of the first ten islets encountered did not tend to 
exclude the smallest islets, thereby causing a greater varia­
tion in the results with this second method of quantitation. 
This is illustrated by the large standard deviation found in 
the data pertaining to Graph 1. Large variations decrease the 
probability of statistical significance in correlation data, 
particularly if the sample is not extremely large. 
There are several factors contributing to an increased 
probability of a "hit". The more frequently the islets of 
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Langerhans occur, that is, the more islets in a given volume 
of tissue, the greater the probability of a "hit". The same 
applies to the islet area and volume. In addition, if there 
is a significant increase in connective tissue in the exocrine 
parenchyma, or an islet undergoes fibrotic or hyalinized de­
generation, the total volume of the functional islets decreases 
in relation to the rest of the pancreas, decreasing the pro­
bability of a "hit" on an islet. However in this study, the 
latter situations were not a factor in the results of the 
analyses, as virtually all the islets appeared normal. 
Another important variable indirectly affecting the 
probability of scoring a "hit" is the body weight of the dog, 
independent of age. Graph 1 illustrates that as the body 
weight of the dog increases, so does the average size of an 
islet of Langerhans. This increased islet size increases the 
chance of a "hit" occurring on an islet. Since all the beagles 
were raised on the same diet, the variables of diet, breed, and 
obesity were eliminated from this portion of the study. 
It is not surprising that the average size of an islet 
increases as the body weight of the dog increases. Larger 
volumes of tissue require larger amounts of insulin for glucose 
transport essential to the maintenance of optimal energy 
levels in the cell. However, after a certain point, as the 
weight of the dog increases, the metabolic rate becomes reduced. 
It could then be postulated that a plot of the average area of 
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an islet against body weight would produce a positive curvi­
linear regression, if a representative sample of heavier-
weight dogs were available. Analysis of our data has shown 
that a curvilinear regression results from combining the mixed 
breed sample with the beagles, and that the correlation is 
significant at the 5% level of probability* However, since 
there were very few dogs with the highest weights (30 to 35 kg) , 
and since almost no dogs were available with weights between 
16 and 30 kg, a large segment of the regression curve would 
have to be extrapolated and would not be statistically proven. 
For this reason, this graph is not presented. It may be 
assumed that the weight of the heavier beagles is not sufficient 
to reduce the metabolic rate to the point where the size of the 
islets are affected. 
It is well known that the number and size of the islets 
of Langerhans can be affected by a number of variables. In 
rats, significant differences in the quantitative relationships 
of the islets in different rat breeding strains have been 
reported (Richardson and Young, 1937; Hess and Root, 1938). 
Diet has also been shown to be significant (Tejning, 1947). 
Changes in the mother's blood sugar level during pregnancy 
cause changes in the islet volume in new born rats (Hultguist, 
1950; Frye, 1957). A considerable increase in the proportion 
of pancreatic islets has been reported in adult obese mice as 
compared to lean litter mates (Westman, 1968). Hyperplasia of 
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the islets has been associated with spontaneous hypoglycemia 
(Hill, 1961; Pellegrini and Solcia, 1967). 
The primary purpose of this study was to investigate the 
influence of another variable, age, on the quantitative 
relationships of the islets of Langerhans in the dog pancreas. 
Analysis of the first group of beagles, birth to eight weeks, 
showed statistically significant correlations for the males and 
females when islet hits/1210 possibilities was plotted against 
age in weeks (Graph 2). Males and females each showed a curvi­
linear regression, with the difference between the two curves 
being statistically significant at the 5% level of probability. 
The two curves originate from the origin of the coordinates, 
since no islets are encountered in the youngest beagle speci­
mens used in this study. These curves do not cross at any 
point, with the female curve always remaining below that of 
the male. The difference between the peak and the endpoint of 
the regression for the female is 2.5 times as great as that 
difference in the regression for the male (Graph 2). 
This observed sex difference does not stem from differences 
in the male and female sex hormones, since these hormones play 
no significant role in development during this period. However, 
this difference may be related to the observations of Hess and 
Root (1938) that the male has a greater body weight, larger 
pancreas, and more islets than the female at a given age in the 
rat. The data in this study indicates that virtually every 
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female beagle in the birth to eight week sample weighs less 
than the male in the same age group. While this difference is 
not statistically significant, it probably contributed to the 
difference between the two regressions as applied to this 
sample. Since the males are heavier than the females, the 
males would require more insulin for glucose transport, which 
is essential to the maintenance of optimal cell energy levels. 
This increased need for insulin may be related to the higher 
metabolic rates of males compared to females (Boothby et , 
1936). 
Other factors are undoubtedly contributing to the sex 
difference described for the birth to eight week beagle sample. 
For example, it has been observed in our beagle colony that the 
males tend to be somewhat more aggressive than the females 
because of the larger size of the male. In this case, the 
male pups would obtain more milk at nursing, since they inad­
vertently push the females aside and away from the mother's 
nipple. The male would require more insulin to compensate for 
its larger milk intake. 
Another factor that should be considered in the sex dif­
ference is the role of growth hormone in the developing beagles. 
It is known that growth hormone is present in human fetal 
pituitary glands beginning with at least the fifteenth week of 
life (Kaplan and Grumbach, 1962$, b). These observations have 
been confirmed by Parlow (1966), who has demonstrated a pro­
gressive increase in growth hormone content with age in the 
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human. This progression reaches a maximum at 12 to 18 years 
of age. In the adult the amount of growth hormone in the 
pituitary remains significantly high, 3 to 5 mg. However, its 
function is related more to metabolism in the adult, since it 
is no longer needed for growth (Cheek, 1968). In reviewing 
the evidence concerning the need of growth hormone for growth 
in the neonatal and infancy periods, Seckel (1960) concluded 
that growth continued spontaneously without growth hormone in 
hypopituitary rodents for a few weeks and humans for a period 
of a few years. However, re-examination of the data plus new 
information contradict this conclusion (Cheek, 196 8). Studies 
by Simpson et al. (1950) indicate that growth hormone is neces­
sary in the rat hypophysectomized shortly after birth. It has 
been observed that patients with idiopathic hypopituitarism 
did not show growth failure until the first or second year of 
life (Wilkins, 1965). In addition, the presence of hypothalamic 
growth hormone releasing factors during the neonatal period 
indicates that growth hormone is necessary for normal neonatal 
growth. It has been concluded, in contrast to what has pre­
viously been believed, that pituitary growth hormone is 
necessary for normal development in the neonate and infant 
human (Cheek, 1968). Perhaps the same can be considered valid 
for the dog. 
In addition to indicating that male rats have higher body 
weights, pancreatic weights, and more islets than the female, 
Hess and Root (1938) also noted that the ratio between the 
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islets and the acinar tissue and between the islets and the 
body weight is the same for both sexes in the rat. This is 
consistent with the linear regression data for Graph 1, where 
no sex difference occurs when the size of the islets is plotted 
against the body weight of the beagle. The sharp increases in 
the total islet tissue in the regressions of average islet area 
vs. body weight and total hits vs. age in weeks in the present 
study reflect an elevated potential for insulin production. 
This may be related in part to growth hormone, assuming from 
the previous discussion that growth hormone is functional in 
growth during the neonatal and infancy periods of development 
in the beagle. 
If growth hormone is a factor in growth of the beagles 
from birth to eight weeks, then insulin is also a factor, since 
it is known that the action of growth hormone on protein syn­
thesis depends upon the action of insulin on RNA (Tata, 1966) . 
In other words, insulin acts synergistically with growth hor­
mone in protein synthesis. The more growth hormone being used 
for growth, the greater the demand for insulin, with the 
response being possible increased islet size or frequency. In 
addition, growth hormone is known to be diabetogenic, as has 
been shown by its ability to induce hyperglycemia and glycosuria 
when administered to normal cats and dogs (Young, 1953). There­
fore, as more growth hormone comes into play, the demand for 
insulin increases. 
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The sharp increases in the total islet volume in the 
regressions for males and females (Graph 2) reflect the large 
amount of insulin needed for the high metabolic rate and rapid 
growth during the first few weeks of the dogs' development. 
The subsequent decline in the islet tissue may be related to 
the known decline in metabolic rate that occurs with advancing 
age (Boothby et aJL. ^ 1936 ; Robertson and Reid, 1952). 
The correlation of islet "hits"/1210 possibilities vs. age 
is not statistically significant after the weaning age of eight 
weeks (Graphs 3, 4). This does not completely negate the pos­
sibility of some degree of aberrant carbohydrate metabolism 
in the older beagles. It merely indicates that if such a dis­
order is present in the beagle sample, it is not due to changes 
which can be detected at the morphological level, and it is 
probably not severe. In this case, any aberrant carbohydrate 
metabolism might stem from anti-insulin factors or a decrease 
in the functional reserve capacity of the beta cells' protein 
synthesizing mechanisms, as suggested in the cell fractionation 
portion of our study of the exocrine pancreas. The physio­
logical data maintained for the beagle colony had little 
information concerning the functional level of the pancreases. 
Since all specimens were originally fixed in mercury-formalin, 
it was not possible to differentially stain the alpha and beta 
cells adequately, although this was attempted repeatedly using 
the known techniques (Solcia et al., 1968; Maldonado and San 
Jose, 1967; Gomori, 1941). Consequently, it was not possible 
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to ascertain whether or not the alpha/beta cell ratio was 
changing significantly with age. However, on the basis of the 
available analyzed data, it appears that the beagles are not 
subject to any appreciable changes in the volume of the islet 
tissue after weaning. While it is known that the metabolic 
rate decreases with age in both males and females (Guyton, 
1966), it appears to have little affect on the number and 
volume of pancreatic islets with advancing age in the beagles 
from 3 months to 13.7 years. The decrease in total hits with 
age in the beagles is only empirical and is not statistically 
significant. 
The same set of observations and conclusions can be made 
concerning the mixed breed sample, which ranges in age from 7 
years to 13 years. The difference between the slopes of the 
linear regressions for the 7 to 13 year age interval of the 
beagle sample and the 7 to 13 year mixed breed sample is only 
2% (Graph 6). Further, the total "hits" at a given age for the 
beagle sample is not significantly different from the total 
hits at the same age for the mixed breed dogs. These observa­
tions indicate that the two regression lines are not super­
imposed because of random probability only, and not because of 
a statistically significant difference. This means that there 
is no significant difference between the mixed breed sample and 
the beagle sample (of the same age interval) with regard to the 
response of their pancreatic islets to changes with age (Graph 
6). Since most of the mixed breed dogs were raised on the same 
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feed as the beagles, this conclusion is even more valid. 
Converting "hits"/1210 possibilities to percent islet 
volume gives percentages ranging from 0.49 to 3.71, depending 
on the age of the dog (Tables 1-4) . Each of the three age 
groups average approximately 1.6% pancreatic islet volume. 
These values compare favorably with those reported for other 
species. Hellman (1959e) reported average islet volumes of 
0.21, 1.81, and 3.38 percent for 5 day, 100 day, and 480 day 
old rats, respectively. Jaffe (1951) estimated the mean per­
cent of islet tissue to be 2.8% in the rabbit. 
The literature concerning quantitative islet changes with 
age shows some inconsistencies. Using 11 rats, Haist and Pugh 
(1948) reported increased islet volume with an increase in age. 
However, the islet volume was reduced with age when the islet 
volume was expressed in relation to body weight. The ratio 
between the islet volume and pancreatic weight remained un­
changed in young and old animals. Mosca (1956), using 5 rats 
40 days old and 8 rats 4 months old,found a statistically 
significant increase in the islet volume in older rats. When 
the islet volume was expressed on the basis of body weight, 
the ratio remained unchanged, while the percent islet volume 
was significantly higher with advancing age. Ferner (1952) 
stated that not less than 1/3 of the total human pancreatic 
volume at birth consists of islet tissue, compared with a very 
small percent in the adult. 
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Hellman {1959e) demonstrated a decreased islet volume/ 
body weight ratio with age in the rat, except in his oldest 
group (480 days) which showed an increase over the 100 day 
group. However, Hellman (1959e) found no quantitative rela­
tionship between islet volume and pancreatic weight, after the 
common positive correlation with body weight had been removed 
by partial correlation calculation. He also reported a 
statistically significant correlation between total islet 
volume and body weight in most of the age groups. While 
Overholser (1925) reported that the maximum number of islets 
is reached in the 50 day old rat, with a reduction and leveling 
off at 90 to 150 days, both Hess and Root (1938) and Hellman 
(1959c, d) showed a progressive increase in islet number with 
age. No physiological explanation was given for Hellman's 
(1959d) results. However, these results are difficult to 
understand in view of decreased metabolic rates and cessation 
of growth in older individuals. 
In spite of a difference in techniques, the results of 
the present analysis of average islet area (or volume, assuming 
a third dimension of one) vs. body weight are in agreement with 
those of Hellman (1959e), who demonstrated an increased islet 
volume with increasing body weight, using a double log plot. 
Hellman (1959f) used a total of 20 islets from 3 rats in each 
age group. In the present study 10 islets per specimen were 
used, for a total of 30 islets in each of the small age groups. 
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In addition, Hellman (1959a, c) used only islets whose diameter 
was equal to or exceeded 46.9y. In the present study no islets 
were precluded on the basis of size within the first ten islets 
encountered. These differences may have contributed to the 
difference between the results obtained in this study and those 
of Hellman (1959a, c). Our analysis of islet volume (total 
hits/1210 possibilities) vs. age are in agreement with the 
findings of Overholser (1925). 
Ultrastructural Changes in the Acinar Cells 
The ultrastructure of the pancreatic acinar cell has been 
described extensively (Palade, 1956a, b; Sjostrand and Hanzon, 
1954a, b, c; Hunger, 1958; Ekholm and Edlund, 1959; Ekholm 
e;t a^., 1962a; Sjostrand and Elfvin, 1962). However, no ultra-
structural studies appear in the literature concerning changes 
in the canine pancreatic acinar cell that occur as a result of 
advancing age. 
That no total cell atrophy was observed indicates no 
pancreatitis or fatty degeneration in the immediate vicinity 
of the tissue examined. This does not rule out pancreatitis 
or fatty degeneration in another portion of the gland, as very 
small areas of tissue are represented by specimens taken for 
electron microscopy. However, this negative finding correlates 
well with the extremely low incidence in aged dogs of fatty 
degeneration observed in the light microscopic portion of this 
study. 
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Although the structure of the mitochondria appeared 
identical in young and old dogs, it can be assumed that these 
organelles themselves age within a cell. Honjo et al. (1968) 
have shown that the phospholipid content and composition in 
rat pancreas mitochondria change markedly as the mitochondria 
age. A pronounced fall in the concentration of acyl ester 
bonds into mitochondrial lipid, characterized by a decrease in 
lecithin and a concomitant rise in lysolecithin,was demon­
strated. In addition, it has been shown in Tetrahymena that 
mitochondria undergo changes in position, number, and structure 
(Elliot and Bak, 1964). The mitochondria changed from elon­
gated to oval structures, increased in number, and some became 
incorporated into vacuoles as the ciliates go from a logarith­
mic growth phase to a stationary growth phase. These vacuoles 
also contained other cytoplasmic structures and later con­
densed. The presence of acid phosphatase indicated that 
hydrolysis of the vacuolar contents occurred. This sequence 
was interpreted as being associated with normal aging in 
Tetrahymena. 
These events undoubtedly have their parallel in given 
cells in the present study. However, the functional mito­
chondria did not appear morphologically different in the 
pancreata of young and old dogs. The structural integrity of 
the mitochondria needed for normal oxidative and fat metabolism 
appears to be preserved in the older dogs in the present study. 
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The important ultrastructural observation in this study 
was the occurrence of lysosome-like organelles in the exocrine 
cells, particularly in the older dogs which showed the broadest 
spectrum of structure and the greatest number of lysosomes per 
cell. Their specific identification, origin, and significance 
must be considered. 
The lysosome is a polymorphic cytoplasmic organelle 
containing over a dozen hydrolytic enzymes. The accessibility 
of these internal hydrolases to external substrates is re­
stricted by a lipoprotein membrane barrier. This structure-
linked latency of the enzymes is fundamental to the proper 
function of the lysosome (de Duve, 1963). The cytochemical or 
biochemical definition of lysosomes is based on the presence 
of a single unit membrane and a positive staining reaction for 
acid phosphatase (Novikoff, 1961). Therefore, lysosomes are a 
heterogeneous group of organelles which can be distinguished 
on the basis of morphological and functional criteria. 
de Duve and Wattiaux (1966) have summarized and defined 
the morphological terms used in describing the various lysosome 
stages. Included in this list is the autophagic vacuole, 
multivesicular body, and the residual body. Autophagic 
vacuoles or autolysosomes (when combined with primary lyso­
somes) are the sites of focal cytoplasmic degeneration and 
appear as membrane-bound vacuoles containing morphologically 
recognizable cytoplasmic components. These vacuoles function 
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to remove superfluous cell organelles, and they occur where 
there is cell involution, as in somatotropic autolysis after 
thyroidectomy (Smith, 1964). Multivesicular bodies are single 
membrane organelles containing vesicles resembling Golgi 
vesicles. The residual body is membrane-lined and characterized 
by undigested residues, including membrane fragments and whorls, 
myelin figures, and ferritin-like particles. These lysosomes 
are all secondary lysosomes and are the sites of past or 
present digestive activity. In contrast, the enzymes of the 
primary lysosomes have never been used in digestion. In 
general, the lysosome system may be associated with autophagy 
or heterophagy. 
Based on the morphological criteria for designating a 
lysosome as being in the residual body stage, as defined by 
de Duve and Wattiaux (1966), it appears that the lysosomes in 
the present study represent the residual body stage (Figures 
36, 37, 39-45). Membrane fragments, denser residues, and myelin 
figures are common to the group of lysosomes in the present 
study. 
Undoubtedly, there are many cell components contributing 
to the origin of the lysosome, particularly the residual body 
which represents and "end product" of the process of digestion 
of cell components. Novikoff (1961) has reviewed the cyto-
chemical evidence pointing to the Golgi apparatus as a site of 
high acid phosphatase activity. In addition, Novikoff et al. 
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(1964) have indicated four possible pathways of lysosome 
formation after synthesis at the ribosomes: 1) from the Golgi 
cisternae to the Golgi vesicles; 2) from the Golgi cisternae 
to the Golgi vacuoles; 3) directly from the endoplasmic 
reticulum into dense bodies; 4) from the endoplasmic reticulum 
into portions of the cytoplasm isolated as an autophagic 
vacuole- Novikoff (1961) has, therefore,concluded that the best 
counterpart of the primary lysosome is the Golgi vesicle. In 
addition, Gordon et (1965) believe that since the Golgi 
vesicles are derived from the Golgi cisternae by peripheral 
budding, these vesicles become part of the phagosomes and 
autophagic vacuoles or autolysosomes. This provides a link 
between the site of production of the enzymes (endoplasmic 
reticulum) and the site of utilization (digestive vacuole). 
In the present study, only one autophagic vacuole was 
seen in a nine year old dog. This vacuole contained a whole 
mitochondrion, pointing to this organelle as one of the ele­
ments comprising some of the lysosomes observed in the present 
study. In addition, it is likely that membranes of the endo­
plasmic reticulum and sequestered ribosomes and other 
cytoplasmic components also contributed to the formation of 
the residual bodies. 
The question then arises as to the significance of the 
lysosomes observed in this study. Cellular atrophy has been 
shown to act as a survival mechanism in the liver of starved 
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animals (Novikoff et al., 1964; Swift and Hruban, 1964) and to 
act in metabolic stress in the liver, pancreas, and kidney 
after treatment of the animals with metabolic inhibitors 
(Hruban et al., 1962; Swift and Hruban, 1964; Hruban et al., 
1963). It has also been demonstrated in aging Tetrahymena 
cells (Elliot and Bak, 1964). Gordon et (1965) have shown 
that cells in tissue culture in the stationary or aging phase 
display a marked increase in vacuoles, multivesicular bodies, 
dense bodies, and residual bodies, as compared to cells in 
logarithmic growth. Morphologically and cytochemically the 
residual bodies resemble lipofuscin granules, believed to be 
of lysosomal origin (Essner and Novikoff, 1960). 
Smith and Farquhar (1966) have demonstrated in cells of 
the anterior pituitary gland that lysosomes are capable of 
degrading zymogen granules. This intracellular disposal 
mechanism represents an alternative pathway to storage of the 
zymogen granules. This applies particularly when secretion is 
suppressed and results in a variety of lytic bodies. Therefore, 
this regulating mechanism operates late in the secretory 
process on products already concentrated into secretory gran­
ules. On the basis of work on pancreatic islets (Hellerstrom 
et al., 1964; Burton and Vensel, 1966; Lazarus et , 1966) 
and secretory neurons (Palay, 1960; Osinchak, 1964), it can be 
assumed that other endocrine tissues play a comparable role in 
regulation of the secretory process by incorporating and 
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and degrading stored secretory granules. 
In the present study, no correlation between the number 
of zymogen granules and residual bodies was observed. Further, 
since the pancreatic cells are not in synchrony with regard to 
protein synthesis, the lysosome as a regulating mechanism in 
protein synthesis in the present study seems unlikely. 
The apparent increase in the residual bodies with age in 
the present study indicates that a faster rate of self-digestion 
may be taking place in the older exocrine cells than in the 
younger cells. Autophagy of the mitochondria would decrease 
the energy available to the cell through oxidative and fat 
metabolism (until the mitochondria were replaced), while 
sequestration of the rough endoplasmic reticulum would inter­
fere with protein synthesis. Further, the occurrence of 
crystals in the acinar cells of the canine pancreas has been 
reported by Fedou et al. (1966). These crystals appear similar 
to some of the granules observed in this study (Figure 42). 
Fedou et al. (1966) suggest the presence of these crystals to 
be indicative of high catabolic protein activity. 
It is entirely possible that substances accumulate in the 
cytoplasm with age which could alter the permeability of the 
lysosome membrane, thereby increasing the chance of releasing 
hydrolytic enzymes into the cytoplasm, causing focal damage to 
some of the cell components. Some substances are known to 
accumulate with age in the liver cytoplasm (Hrachovec, 1970), 
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although their significance is generally unknown. 
If the aging cell is unable to engage in exocytosis of 
residual material, the cell could become engorged with "wastes" 
which might interfere with normal cell function and ultimately 
contribute to the decline or aging of the cell. The fact that 
the present study indicates the presence of more lysosomes in 
older exocrine cells than in younger ones may indicate a 
reduced capacity on the part of the older cells to export 
wastes. 
Comment on the Beta Cells 
The occurrence of the lipofuscin-like pigment in the beta 
cells of a nine year old dog was noted in the present study. 
Lipofuscin has been reported in the pancreatic islets in humans 
by Grafflin (1940). The origin of this pigment has been dis­
cussed under the autofluorescence examinations in the present 
study. However, it should be emphasized that lipofuscin 
probably originates from the auto-oxidation of lipids in late 
secondary lysosomes (Essner and Novikoff, 1960), such as 
residual bodies, and that residual bodies represent material 
undigested by hydrolytic enzymes. Incorporated proteins can 
be digested due to the proteases and nucleases in lysosomes. 
However, lipid accumulates in dense bodies and residual bodies 
as a by-product of the digestive process. It is not known if 
the lipid part of the granule is derived from the incorporated 
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membranes (McShan and Hartley, 1965). It is known that lyso­
somal fractions are poor in lipases and phospholipases (Tappel 
and de Duve, 1963), except those from polymorphonuclear leuko­
cytes (de Duve and Wattiaux, 1966) . This may be the reason for 
the lipid seen in association with lipofuscin pigment (Figures 
47, 48). 
The rest of the ultrastructure of the beta cells contain­
ing the lipofuscin pigment appeared normal (Hunger et , 
1965), showing no degranulation or degeneration as described 
by Volk and Lazarus (196 4) in experimental diabetes in the dog. 
Apparently the lipofuscin seems to have had little bearing on 
the functional capacity of the cell in which it was found. 
Cell Fractionation Study 
In the pancreas the exocrine portion of the pancreas oc­
cupies the overwhelming bulk of the gland. Therefore, the re­
sults of the homogenization and fractionation of the whole 
pancreas is considered representative of the exocrine pancreas 
only. 
It should be emphasized that classification of the four 
pancreatic cell fractions isolated in this experiment was based 
upon the exact set of conditions used in their isolation from 
liver by Dallner et a^. (1966). Extreme care was taken to 
isolate the same cell fractions from different animals under 
the same conditions with minimal variation. 
Hogeboom et (1948) first used sucrose as a medium in 
cell fractionation. Hypertonic sucrose (0.88M) gave the best 
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results for morphological studies. However, it was found that 
high concentrations of sucrose exerted a dehydrating effect on 
tissue and inhibited some metabolic processes. Therefore, iso­
tonic sucrose (0.25M) was substituted (Schneider, 1948). It 
was later found that the structural and functional integrity of 
ribosomes is best maintained when MgClg is added to the homo­
genizing medium (Chao, 1957). The need for an isotonic buffer 
is well accepted today. It is with these facts in mind that 
Medium A was chosen as the stabilizing homogenization medium in 
this experiment. 
The fraction isolated as the crude microsomes from pancreas 
is composed primarily of tubular and vesicular fragments of 
rough endoplasmic reticulum (rough ER), with smooth vesicles 
occurring only rarely (Palade and Siekevitz, 1956b). Since the 
tissue used to obtain the microsomes was frozen for storage and 
later thawed for fractionation, it is possible that lysosomes 
and zymogen granules were partially disrupted or broken, 
resulting in some contamination of the microsomes with compo­
nents of these elements. Since all tissue specimens were 
treated identically for storage and fractionation, any contami­
nation of the crude microsomes is considered constant from dog 
to dog. 
Because of contamination and breakage of the long endo­
plasmic reticulum of the intact cell into smaller tubules and 
vesicles during freezing and homogenization, the total crude 
microsomes themselves are not naturally-occurring cell organ-
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elles. Rather, they are artifacts of the isolation procedure, 
as has been demonstrated by Palade and Siekevitz (1956b). 
According to the data of Rothschild (1963), the density 
of the rough microsome vesicles begins at 1.20, with that of 
the smooth vesicles approaching 1.18. With this relatively 
slight difference in density, the use of both Mg^^ and Cs^ is 
essential in subfractionating the total microsomes in this 
experiment. The work of Dallner (1963) indicated that the 
ribosomes of the rough endoplasmic reticulum bind Cs^, while 
the membranes of this system bind Mg . This metal binding 
increases the density of the rough ER beyond that of the 1.3M 
sucrose-15mM CsCl, allowing the membranes to pass through the 
sucrose and resulting in formation of a rough microsome pellet. 
Those membranes which are not dense enough to sediment 
through the 1.3M sucrose-15mM CsCl and which form the double 
fluffy layer on both sides of the sucrose-homogenate interface 
constitute the smooth membrane-rich fraction, where virtually 
no ribosomes are attached to the membranes. The occurrence of 
a double layer indicates that at least two subfractions of the 
smooth membranes exist. According to Dallner (1963) , while 
the smooth membranes do not bind Cs^, some of these membranes 
bind Mg^"^, which probably accounts for the double band obtained 
at the sucrose interface. In the present study, the Mg"*"^-
binding and Mg -free smooth membranes have been investigated 
as one fraction. The morphological, chemical and enzymatic 
properties of the smooth microsome subfractions have been 
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described by Dallner (1963). 
Since the exocrine pancreatic cell has little or no smooth 
endoplasmic reticulum (Palade and Siekevitz, 1956b), the ques­
tion is raised as to which cellular components are contributing 
to the double-layered fluffy band obtained during separation of 
the total crude microsomes. If only a portion of the smooth 
membranes bind it is likely that the various subfraction 
components differ structurally, as well as functionally. How­
ever, none of their densities are greater than that of the 1.3M 
sucrose-15mM CsCl, allowing them to sediment at the sucrose-
homogenate interface. 
One probable organelle contributing to the smooth micro­
some fraction in the exocrine pancreas is the Golgi apparatus. 
Recent work by Morré et al. (1969, 1970) has provided a tech­
nique for isolation of a Golgi-rich fraction in the rat liver. 
The density of this organelle was shown to be 1.12 to 1.14. 
Since the discontinuous gradient used in the present study is 
not a multiple one and contains only one sucrose layer (1.3M 
sucrose-15raM CsCl), it is likely that elements of the Golgi 
apparatus would accumulate at the sucrose-homogenate interface 
when centrifugea at 144,000 x g for 210 minutes as in this 
experiment. In the 5mM MgCl2"containing 1.8M, 1.6M, 1.5M and 
1.25M multiple discontinuous sucrose gradient used in the pro­
cedures of Morré et a^. (1969, 1970), the Golgi apparatus col­
lected at the 1.25M sucrose-homogenate interface. It is there­
fore concluded that the Golgi apparatus is present in the 
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smooth microsome fraction obtained in this experiment. 
The assumption that the Golgi apparatus comprises a large 
portion of the smooth microsome fraction in this study is in 
agreement with Dallner (1967) , who obtained microsome sub-
fractions of guinea pig pancreas. Many free ribosomes were 
observed in the smooth microsomes, which were reported to be 
comprised of Golgi vesicles. 
Electron micrographs of microsomes by Palade and Siekevitz 
(1956b) indicate that some of the rarely-occurring smooth mem­
branes could be derived from the membranes surrounding the 
intracisternal granules associated with the endoplasmic retic­
ulum in the guinea pig exocrine pancreas cells. It can also be 
assumed that membrane fragments from broken lysosomes and pos­
sibly zymogen granules, damaged by quick freezing in liquid 
nitrogen followed by thawing at a later date, could also con­
tribute to the smooth microsome fraction obtained in this study. 
That the BNA/protein ratios of the smooth microsome 
fraction lie around a value of 0.34 indicates some contamina­
tion of this fraction with RNA. The source of this RNA is the 
free ribosomes which are in solution around the vicinity of the 
double-layered microsome band above the sucrose-homogenate 
interface. This assumption was confirmed with the electron 
microscope (Figure 50). 
The reddish phase above the smooth microsomes was aspirated 
off to the top of the visible double fluffy layer. It was 
therefore necessary to leave about 0.5 ml of the phase above 
the fluffy layer so as not to lose any of the smooth membranes 
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while aspirating off this upper phase. For the same reason 
about 0.5 ml of the 1.3M sucrose-15mM CsCl solution was removed 
along with the smooth membranes. However, great care was taken 
in diluting the aspirated smooth microsomes and the adjacent 
solutions to a final concentration of 0.25M sucrose. Confi­
dence can be held in the RNA/protein ratios for the smooth 
fractions, since all show a reasonable constancy within each 
age group. 
For rat liver, Remmer and Merker (1965) and Dallner (1963) 
reported the RNA/protein ratio in the rough microsomes to be 
approximately four times that of the RNA/protein value for the 
smooth microsomes when using both Mg and Cs . Using zonal 
centrifugation for subfractionation, Lee ^  (1969) reported 
a value of 0.29 mg RNA/mg protein for the smooth microsomes and 
only 0.24 mg RNA/mg protein for the rough microsomes. Lee, also 
reported contamination of the smooth microsomes with free ribo-
somes. While the smooth microsomes isolated in the present 
study showed RNA contamination, the RNA/protein ratios in the 
rough microsomes were two and one half to three times higher 
than those of the smooth microsomes. 
Palade and Siekevitz (1956a, b) have shown that the RNA/ 
protein ratio in liver microsomes differ significantly from 
those of the pancreas. In a series of six experiments, Palade 
and Siekevitz (1956b), using a homogenization medium of 0.88M 
sucrose, reported RNA/protein values of 0.68, 1.36, 1.41, 1.30, 
0.53 and 0.54 in the pancreatic microsomal fraction. In 
contrast, the liver microsomes yielded values around a mean of 
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1.0 (Palade and Siekevitz, 1956a). The figures obtained 
seemed to cluster around two different means, 1.35 and 0.58. 
This variation in the pancreatic microsomes was attributed to 
functional differences, although this may have been due in part 
to experimental procedure. These means contrast sharply with 
those reported by Dallner (1963). He reported a total micro­
some RNA/protein ratio of 0.26 for liver homogenized in 0.25M 
sucrose and showed that the RNA/protein ratio of the rough 
microsomes was 50% higher when Cs^ was used in place of Mg^* 
during subfractionation. He also concluded that the protein 
content of Cs^-prepared smooth microsomes was two to three 
times greater than that of the Mg^^-prepared smooth microsomes. 
Finally, Palade and Siekevitz reported in both liver (1956a) 
and pancreas (1956b) relatively high RNA/protein ratios in the 
post-microsomal supernatant, many times greater than that 
found in the present study. 
With these studies in mind, it can be concluded that RNA/ 
protein ratios of various cell fractions are subject to great 
variation under different sets of isolation conditions. The 
results reported here are believed to be correct for the 
pancreas isolated under the exact conditions outlined in the 
Materials and Methods. It is noted that good constancy exists 
between different dogs of the same age group for the same cell 
fraction. This adds reliability to the results of this experi­
ment. 
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It should also be noted that using standards for each set 
of unknowns does not necessarily insure against error in 
reading the unknowns. While the standard curves for the RNA 
determinations were always completely linear up to the maximum 
concentration of 0.25 mg yeast RNA/ml, the protein standard 
curves were not exactly linear upon approach of the maximum 
concentration of 1.0 mg bovine serum albumin/ml. Lowry et al. 
(1951) pointed out that in the Lowry method (Lowry, 1951) for 
determining protein, the color is not strictly proportional to 
the concentration, and the amount of color varies with differ­
ent proteins. However, this procedure was considered one 
hundred times more sensitive than the biuret test, ten to 
twenty times more sensitive than measurement of the ultraviolet 
absorption at 280 my, and more specific than the latter method. 
To avoid errors, the unknowns were diluted such that the lower 
values of the standard curves, where linearity was insured, 
were used in calculating the unknown concentration of RNA and 
protein. All samples were taken in duplicate and their optical 
density values averaged. 
This technique for subfractionating microsomes can be a 
valuable tool for aging research. Isolation of homogeneous 
subcellular fractions makes it possible to localize certain 
age-related pathological conditions. Since metabolic functions 
are enzyme regulated, a knowledge of how enzymes are distrib­
uted in the cell's ultrastructure and how cellular structures 
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influence enzyme activities is essential to specifically 
defining various anomalies. For example, the hepatic micro­
somal enzyme, glucose-6-phosphatase, shows significantly 
increased activity in diabetes mellitus (Ashmore e_t a2., 1954, 
1956; Langdon and Weakley, 1955) . Segal and Washko (1959) have 
shown that the activity of the enzyme to its substrate is 
altered, probably because of an alteration of the ER membrane 
structure in the diabetic liver. 
The data presented in Table 9 shows that the ratio of RNÀ 
to protein decreases with advancing age in the crude microsome 
fraction of the canine pancreatic exocrine cells. This trend 
is even more pronounced in the rough microsome fraction. The 
smooth microsome fraction indicates a slight decrease in the 
RNA/protein ratio. These results are in direct agreement with 
a recent study by Hrachovec (1970) who reported an increased 
protein/KNA ratio with age in rat liver microsomes. 
Since there is a more significant decrease in the RNA/ 
protein ratio in the rough microsomes than in the smooth 
microsomes, it may be concluded that the change occurring in 
the crude microsome fraction is due mainly to changes in the 
rough microsome component. The question is then raised as to 
whether the decrease in the RNA/protein ratio is due to a 
decrease in RNA or an increase in protein. A decrease in RNA 
would indirectly indicate a decrease in protein synthesis, 
whereas an increase in protein might suggest a slow and 
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partially irreversible accumulation of protein associated with 
the rough endoplasmic reticulum. Evidence for both possi­
bilities can be found in the literature. 
It is well known that protein turnover is lower in adults 
and older individuals than it is in younger ones (Sharp et , 
1957). Hrachovec (1969) has demonstrated the decreased ability 
of cell free systems to incorporate amino acids into liver 
microsomes with advancing age. Hrachovec (1969) suggests that 
a gradual accumulation of inhibitors in the cell sap and 
microsomal vesicles causes a gradual feedback repression of 
protein synthesis at the site of translation, which in turn 
represses RNA synthesis. While it can be argued that an accumu­
lation of protein inhibitors in the endoplasmic reticulum with 
advancing age would decrease the RNA/protein ratio, a repression 
of RNA synthesis would also decrease this ratio. 
A strong case can be made for the repression of RNA 
synthesis with age by examining the work of Srivastava (1969). 
He demonstrated that incorporation of phenylalanine into the 
protein of mouse skeletal muscle decreases with age, and that 
this change is accompanied by a progressive decline in the 
concentration of polysomes (which are the functional units of 
protein synthesis) and total RNA content in the pH 5-enzyme 
fraction (proteins which precipitate from cytosol at pH 5). 
In addition, a decrease in phenylalanine incorporation into 
rat brain microsomes with age has been demonstrated to be 
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accompanied by a progressive decline in the polysome concentra­
tion (Murthy, 1966) . 
Based on the literature discussed, and on the fact that 
the rough microsome fraction shows the most significant 
decrease in the RNA/protein level compared to the other three 
fractions isolated, it is suggested here that the decrease in 
the RNA/protein ratio is due primarily to the decline of RNA 
synthesis. It may be further hypothesized that this decreased 
RNA/protein ratio in the rough microsomes is due specifically 
to a decrease in the number of polysomes binding to the endo­
plasmic reticulum. This would be manifested by a decrease in 
the ratio of RNA to protein due to a decreased percentage of 
membranes bearing the heavier polysomes that would normally 
sediment in the rough microsome pellet. The hypothesis here 
is that the decreased RNA/protein ratio with advancing age is 
due to a decrease in the ability of the exocrine pancreatic 
cells to synthesize RNA and engage in protein synthesis. 
It should not be implied from this conclusion that the 
older dogs from which the pancreata were taken did not 
synthesize protein in large enough amounts for normal diges­
tion. However, the ability to respond to repeated digestive 
stimuli may be reduced with advancing age. This is in accord 
with Ritter (1964) who concluded that the human pancreas shows 
a decreased functional reserve for enzyme secretion as it ages. 
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The RNA/protein ratios for the cytosol fraction indicate 
no definite pattern with age. It is therefore possible to 
suggest that there is probably no definite change in the amount 
of t-RNA in this study, since t-RNA is always in solution in 
the cytosol fraction (post-microsomal supernatant). Hrachovec 
(1970) reported that the ratio of ribosomal RNA to t-RNA does 
not change significantly with age in rat liver. 
The ratios of the amount of RNA in the rough and smooth 
microsomes tends to show a decrease with advancing age. Since 
the RNA value in the smooth microsomes is primarily derived 
from contaminating free ribosomes (Figure 50), as in the case 
of Lee et (1969), and since a large percentage of the ribo­
somes in the rough membrane fraction are by definition bound 
to the endoplasmic reticulum, it can be suggested that the 
decreased rough microsomal RNA/smooth microsomal RNA ratio may 
be due to a decrease in the number of bound ribosomes in the 
rough microsome fraction. 
Palade and Siekevitz (1956b) have demonstrated pancreatic 
RNA/protein values of 0.65 and 0.88 in pellets obtained from 
two post-microsomal fractions. This indicates that free ribo­
somes may be present in post-microsomal fractions. Therefore, 
some of the bound ribosomes lost in the rough microsome fraction 
in this study are probably adding to the already-existing ribo­
somal contamination of the smooth microsomes. This would tend 
to raise the RNA/protein ratio of the smooth microsome fraction 
with age, which may account for the negligible change in the 
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RNA/protein ratio in this fraction. 
In summary, the decreased RNA/protein ratio in the crude 
and rough microsomes, and the decreased rough microsomal RNA/ 
smooth microsomal RNA ratio both indicate a decrease in the 
synthesis of RNA (particularly ribosomal RNA) and a consequen­
tial decrease in the capacity to synthesize protein needed for 
extracellular use with advancing age. 
It is noted that the oldest dogs used throughout this 
study were nine years old, which is equivalent to a 55 year 
old man. It would be of great benefit to expand this investi­
gation in the future to include new-born pups, dogs in their 
growth period, and dogs which have reached true senility. The 
degree to which each of these life periods affects the RNA/ 
protein ratio in various cell fractions could be evaluated and 
compared to the present results. 
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GENERAL CONCLUSIONS CONCERNING THE AGING PANCREAS 
This thesis was intended to ascertain whether the pancreas, 
which has evolved for the purpose of synthesizing protein, 
shows age-related structural changes, or whether significant 
changes are manifest only at the biochemical level. Some 
histological age changes were noted, as in the fibrosis of some 
of the intrapancreatic arteries and the accumulation of lipo-
fuscin pigment in the ducts and parenchyma. However, it would 
appear that these alterations have a minor effect on the normal 
functioning of the gland. The vascular changes reported here, 
while potentially serious, would not impair the normal blood 
flow through the pancreas. The lack of connective tissue 
changes suggests that normal diffusion is not significantly 
altered from cell to cell or cell to capillary, and that fatty 
degeneration is minimal. The lack of age changes in the volume 
or morphology of the islets of Langerhans suggests that 
diabetes, which is accepted as age-related, was not a factor 
in the colony dogs used in this study. The occurrence of 
lipofuscin pigment, while known to be an aging phenomenon, has 
never proven to be detrimental to specific cell functions. 
However, this pigment probably has the potential of "poisoning" 
the cell in that it represents accumulated cell wastes. 
The increased incidence of lysosomal elements per older 
exocrine cell is indicative of an increased focal cell 
component degeneration and a decreased rate of removal of 
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residual material. Residual bodies can be considered potential 
precursors of lipofuscin pigment. 
This thesis has then answered the question as to whether 
or not a gland which evolved for the purpose of synthesizing 
protein will show prominent alterations in its structure as it 
ages. It appears that the age-related structural changes 
observed in this study are relatively small in frequency and 
degree of severity, and have only a minor bearing on the normal 
aging process occurring within the cells of the canine pancreas. 
The most significant alterations potentially affecting cell 
function have appeared at the biochemical level, with the 
reduced RNA/protein ratio with age in the pancreatic cell 
fractions and subfractions. 
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SUMMARY 
The canine pancreas was studied for changes occurring as 
a result of advancing age. Light and electron microscopic and 
biochemical methods were employed in this study. The following 
observations concerning age changes in the canine pancreas have 
been made; 
1. The canine pancreas is not subject to a large number 
of intrapancreatic vascular changes with age. The 
relatively small number of observed lesions were of 
minor severity and were fibrotic in nature, not 
atheromic. No calcium deposition was observed in any 
of the vessels showing lesions. A preliminary examina 
tien of the porcine pancreas indicated that intra­
pancreatic vascular lesions are more severe in the 
hog than they are in the dog, and that these lesions 
tend to be atheromic. 
2. The pattern and amount of intralobular collagenous 
and reticular connective tissue does not change with 
age in the canine pancreas. In rare instances, fatty 
degeneration with some connective tissue replacement 
was observed in small areas of the parenchyma in the 
most aged dogs. 
3. The intralobular and interlobular pancreatic ducts 
show no change with age in the dog. No duct hyper­
plasia, metaplasia, or connective tissue infiltration 
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was observed in the ducts from aged dogs. The ductal 
connective tissue pattern appeared the same in young 
and old dogs. 
The pancreatic islets were examined and found to be 
normal morphologically in both young and old dogs. 
No fibrosis, hyalinization, cell degeneration, or 
general islet atrophy was observed in any of the 
specimens examined. 
Fluorescence microscopy was employed to demonstrate 
the presence of lipofuscin aging pigment in the 
pancreas. Fluorescence was found primarily in the 
interlobular ducts of the older dogs. In addition, 
fluorescence was observed intermittently in the 
parenchyma of the older dogs, and most abundantly, in 
the exocrine tissue from a four year old beagle. This 
fluorescing material was interpreted as being the 
lipofuscin aging pigment. 
The deposition of amyloid in the pancreas was investi­
gated using thioflavin-T with fluorescence microscopy. 
The results were generally negative, although 
occasional amyloid deposition was observed in an 
artery and a duct in an aged dog. No amyloid appeared 
in any of the islets of Langerhans, which correlated 
with the lack of islet fibrosis and hyalinization in 
the same islets examined. 
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7. The islets of Langerhans were quantified to establish 
whether changes in the volume of the endocrine 
pancreas per given total pancreatic volume occur with 
age. In the birth to eight week group of beagles, 
curvilinear regressions for islet volume vs. age were 
obtained, in addition to statistically significant sex 
differences between the two regressions. After eight 
weeks, however, no statistically significant correla­
tions occurred in the islet volume vs. age, and no 
significant sex variations were observed. In addition, 
it was shown that the individual mean islet area 
increased linearly with increasing body weight in the 
dog. 
8. Nine dogs, ages one to nine years were studied with 
the electron microscope. The most significant age-
associated change observed was the increased incidence 
of lysosomes per given cell. The ultrastructure of 
most of these lysosomes fulfilled the morpological 
criteria for classification as residual bodies. The 
increased frequency of residual bodies per cell 
indicates an increased incidence of focal degeneration 
and a decreased capacity of the acinar cells to remove 
cell residues. In general, the remainder of the cell 
components appeared normal in the aged dogs and 
identical to those of the young dogs. 
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9. Dense material interpreted as lipofuscin pigment was 
observed in some of the beta cells in a nine year old 
dog. Examination revealed a lipid-like component in 
the pigment granules. Otherwise, the rest of the cell 
displayed a normal ultrastructure, with no degenera­
tion or degranulation observed. 
10. The pancreata of nine young and old beagles were 
fractionated and subfractionated to yield crude micro­
some, smooth and rough microsome, and cytosol fractions 
for each dog. The RNA to protein ratio was determined 
for the fractions from each dog. The results showed a 
decreased RNA/protein ratio in the crude and rough 
microsomes, and a decreased rough microsomal RNA/ 
smooth microsomal RNA ratio with age. These decreased 
ratios were interpreted as indicating an age-related 
decrease in the synthesis of RNA and a consequential 
decrease in the capacity to synthesize protein needed 
for extracellular use. 
One hundred specimens between the ages of birth and 13.7 
years were available for histological study. This provided an 
adequate sample from which to conclude that the canine pancreas 
shows relatively minor age-related structural alterations at 
the level of the light microscope. While the residual bodies 
observed with the electron microscope are indicative of cell 
component degeneration and waste accumulation, they are 
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undoubtedly by-products of a biochemical anomaly which may be 
basic to the aging of the exocrine cell itself. 
This thesis has, in general, answered the question as to 
whether or not a gland which evolved for the purpose of 
synthesizing protein will show prominent alterations in its 
structure as it ages. It appears that the age-related struc­
tural changes observed in this study are relatively small in 
frequency and degree of severity, and have only a minor bearing 
on the normal aging processes occurring within the cells of the 
canine pancreas. The most significant alterations potentially 
affecting cell function have appeared at the biochemical level. 
135 
BIBLIOGRAPHY 
Ahronheim, J. H. 1943. The nature of hyaline material in the 
pancreatic islands in diabetes mellitus. Am. J. Path. 
19: 873. 
Allfrey, v., M. Daly, and A. Mirsky. 1953. Synthesis of 
protein in the pancreas. II. The role of ribonucleo-
protein in protein synthesis. J. Gen. Physiol. 37: 157. 
Anderson, W., and R. Ellis. 1965. Ultrastructure of 
Trypanosoma lewisi; Flagellum, microtubules, and the 
kinetoplast. J. Protozool. 12: 483. 
Andres, R. 1967. Aging, glucose tolerance, and diabetes - a 
proposal. In Endocrines and Aging. L. Gitman, ed. 
Charles C. Thomas, Springfield. 200. 
Andrew, W. 1944. Senile changes in the pancreas of Wistar 
Institute rats and of man with special regard to the 
similarity of locule and cavity formation. Am. J. Anat. 
74: 97. 
Antonius, J., and L. Hill. 1968. Smooth muscle in human 
occlusive arterial disease. J. Atheroscler. Res. 8: 111. 
Arey, J. B. 1943. Nature of the hyaline changes in islands 
of Langerhans in diabetes mellitus. Arch. Path. 36: 32. 
Armed Forces Institute of Pathology. 1968. Manual of 
Histologic Staining Methods. McGraw-Hill Book Co., Inc., 
New York. 
Arnesjo, B., and H. Filipek-Wender. 1968. Intracellular 
distribution of lipolytic enzymes in the rat pancreas. 
Acta Physiol. Scand. 74: 616. 
Arnesjo, B., and A. Grubb. 1969. Intracellular distribution 
of lipase in comparison to trypsinogen, amylase and 
immediately measurable trypsin inhibitor(s) in the rat 
pancreas. Acta Physiol. Scand. 75: 139. 
Ashford, T., and K. Porter. 1962. Cytoplasmic components in 
hepatic cell lysosomes. J. Cell Biol. 12: 198. 
Ashmore, J., A. Hastings, and F. Nesbett. 1954. The effect 
in diabetes and fasting on liver glucosé-6-phosphatase. 
Proc. Nat. Acad. Sci. 40: 673. 
136 
Ashmore, J., A. Hastings, F. Nesbett, and A. Renold. 1956. 
Studies in carbohydrate metabolism in rat liver slices. 
VI. Hormonal factors influencing glucose-6-phosphatase. 
J. Biol. Chem. 218: 77. 
Babkin, B. P. 1950. Secretory Mechanism of the Digestive 
Glands. Paul B. Hoeber, New York. 
Ballinger, J. 1949. Amyloid heart disease. J. Med. Sci. 217: 
308. 
Balo, F., and I. Banga. 1949. Elastase and elastase-
inhibitor. Nature. 164; 491. 
Balo, F., and I. Banga. 1955. Change in velocity of 
elastolysis of blood vessels due to arteriosclerosis. 
3® Conges Intern, de Biochimie, Bruxelles. Résumé des 
Commun., section 14, 120. 
Balo, J., and H. Ballon. 1929. Metaplasia of basal cells in 
the ducts of the pancreas; its consequences. Arch. 
Path. 7: 27. 
Banga, I. 1966. Structure and Function of Elastin and 
Collagen. Akadémiai Kiado, Budapest. 
Bargmann, W. 1939. ^ Handbuch der mikroskopischen Anatomie 
des Menschen. W. von Mollendorff, ed. Springer, Berlin. 
Vol. 6, 197-306. 
Barka, T., and P. Anderson. 1962. Histochemical methods for 
acid phosphatase using hexazonium pararosanilin as 
coupler. J. Histochem. Cytochem. 10; 741. 
Bartos, v., and J. Groh. 1969. The effect of repeated 
stimulation of the pancreatic secretion in young and aged 
men. Gerontol. Clin. 11: 56. 
Bear, R. 1944. X-ray diffraction studies on protein fibers. 
I. The large fiber-axis period of collagen. J. Am. 
Chem. Soc. 66: 1297. 
Becker, V. 1957. Sekretionsstudien am Pamkreas. G. Thieme 
Verlag, Stuttgart. 
Beek, D. van. 1939. Amyloid-neerslag in de eilandjes van 
Landerhans bij diabetes mellitus. Nederl. T. Geneesk. 
83: 646. 
137 
Beeley, 3., E. Cohen, and P. Keller. 1968. Canine pancreatic 
ribosomes I. Preparation and some properties. J. 
Biol. Chem. 243; 1262. 
Bell, E. T. 1952. Hyalinization of the islets of Langerhans 
in diabetes mellitus. Diabetes. 1: 341. 
Bell, E. T. 1959. Hyalinization of the islets of Langerhans 
in non-diabetic individuals. Am. J. Path. 35: 801. 
Bencosme, S. 1959. Studies on the terminal autonomic 
nervous system with special reference to the pancreatic 
islets. Lab. Invest. 8; 629. 
Bencosme, S., and D. Craston. 1958. Elastase activity of the 
pancreas and its relation to the a-cells. Lab Invest. 
7; 201. 
Benjamin, W., A. Gellhorn, M. Wagner, and H. Kundel. 1961. 
Effect of aging on lipid composition and metabolism in 
the adipose tissue of the rat. Am. J. Physiol. 201; 540. 
Bensley, R. 1911. Studies on the pancreas of the guinea pig. 
Am. J. Anat. 12; 297. 
Bensley, S. H. 1938. Solubility studies of the secretion 
granules of the guinea pig pancreas. Anat. Rec. 72: 131. 
Berkman, J., and H. Rifkin. 1966. Newer aspects of diabetic 
microangiopathy. Ann. Rev. Med. 17: 83. 
Barns, A., C. Owens, and H. Blumenthal. 1964. A histo- and 
immuno-pathologic study of the vessels and islets of 
Langerhans of the pancreas in diabetes mellitus. J. 
Gerontol. 19: 179. 
Bertolini, A., F. Quarto di Palo, L. Monbelli and L. Gastaldi. 
1964. Age changes in phospholipids, RNA and DNA content 
in tissues of male white rats. Symp. Exptl. Gerontol., 
Basel. 8. 
Birbeck, M., and E. Mercer. 1961. Cytology of cells which 
synthesize protein. Nature. 189: 558. 
Bjorkerud, S. 1964. Isolated lipofuscin granules; a suryey 
of a new field. Advan, Gerontol. Res, 1: 257. 
Bjorkman, N., C. Hellerstrom, B. Hellman, and U. Rothman. 
1963. Ultrastructure and enzyme histochemistry of the 
pancreatic islets in the horse. Z. Zellforsch. Mikroskop. 
Anat. 59: 535. 
138 
Bloom, W. 1931. A new type of granular cell in islets of 
Langerhans of man. Anat. Rec. 49: 363. 
Bloom, W., and D. Fawcett. 1968. A Textbook of Histology. 
W. B. Saunders Co., Philadelphia. 490. 
Bohmig, R. 1935. Morpholozische untersuchungeu zier 
Herzmusket function. Kelinische Worchsevchrift. 14; 
1816. 
Bondareff, W. 1957. Genesis of intracellular pigment in the 
spinal ganglia of senile rats, an early study. J. 
Gerontol. 12: 364. 
Boothby, W., W. Berkson, and H. Dunn. 1936. Studies of the 
energy of metabolism of normal individuals : a standard 
for basal metabolism, with a nomogram for clinical 
application. Am. J. Physiol. 116: 468. 
Bourne, G., and E. Jayne. 1961. The adrenal gland. ^ 
Structural Aspects of Aging. G. Bourne, ed. Hafner 
Publishing Co., Inc., New York. 303. 
Breillatt, J., and S. Dickman. 1966. Effect of magnesium 
chloride on the sedimentation characteristics of 
ribonucleoprotein isolated from dog pancreas. J. Mol. 
Biol. 19: 227. 
Breuer, C., M. Davies, and J. Florini. 1964. Amino acid 
incorporation into protein by cell-free preparations from 
cat skeletal muscle. II. Preparation and properties of 
muscle ribosontes and polysomes. Biochem. 3: 1713. 
Brown, A., Jr. 1965. Pathogenesis of atherosclerosis. Mayo 
Clin. Proc. 40: 815. 
Buerger, L., and H. Braunstein. 1960. Senile cardiac 
amyloidosis. Am. J. Med. 28: 357. 
Bunnag, S. C., S. Bunnag, and N. Warner. 1963. Micro­
circulation in the islets of Langerhans of the mouse. 
Anat. Rec. 146: 117. 
Burton, P., and W. Vensel. 1966. Ultrastructural studies of 
normal and alloxan-treated islet cells of the pancreas 
of the lizard. Eumeces fasciatus, J. Morphol. 118: 91. 
Caesar, R., G. Edwards, and R. Helmut. 1957. Architecture and 
nerve supply of memunalian smooth muscle tissue. J. 
Biochem. Biophys. Cytol. 3: 867. 
139 
Carmina, F. 1963. Electron microscopic description of a 
third cell type in the islets of the rat pancreas. 
Am. J. Anat. 112; 53. 
Caro, L. 1961. Electron microscopic radioautography of thin 
sections: the Golgi zone as a site of protein concentra­
tion in pancreatic acinar cells. J. Biophys. Biochem. 
Cytol. 10; 37. 
Caro, L., and G. Palade. 1964. Protein synthesis, storage, 
and discharge in the pancreatic exocrine cell. An 
autoradiographic study. J. Cell Biol. 20; 473. 
Caspersson, T., H. Landstrôm, and L. Aquilonius. 1941. 
Cytoplasmanukleotide in eiweissproduzierenden Drusenzellen. 
Chromosoma. 2; 111. 
Cecil, R. L. 1909. A study of the pathological anatomy of the 
pancreas in ninety cases of diabetes mellitus. J. Exp. 
Med. 11: 266. 
Cecil, R. L. 1914. Hyaline degeneration of the islands of 
Langerhans in non-diabetic conditions. Am. J. Med. Sci. 
147: 726. 
Chalkley, H. 1943. Method for quantitative morphologic 
analysis of tissues. J. Nat. Cancer Inst. 4: 47. 
Chao, P. 1957. Dissociation of macromolecular ribonucleo-
protein of yeast. Arch. Biochem. Biophys. 70: 426. 
Charipper, H., and A. Pearlstein. 1961. Ageing changes in 
the thyroid and pituitary glands. In Structural Aspects 
of Aging. G. Bourne, ed. Hafner Publishing Co., Inc., 
New York. 260. 
Cheek, D. 1968. Human Growth. Body Composition, Cell Growth, 
Energy, and Intelligence. Lea and Febriger, Philadelphia. 
46. 
Claude, A. 1943. The constitution of protoplasm. Science. 
97; 451. 
Craddock, V., and C. Dalgliesh. 1957. On the determination 
of the time required for biosynthesis of a single protein 
molecule: Experiments with rat pancreatic ribonuclease. 
Biochem. J. 66: 250. 
Crofford, O., and A. Renold. 1965. Glucose uptake by incu­
bated rat epididymal adipose tissue. J. Biol. Chem. 
240: 14. 
140 
Dallner, G= 1963. Studies on the structural and enzymic 
organization of the membranous elements of liver 
microsomes. Acta Patolog. Microbiolog. Scand. Suppl. 
166: 1. 
Dallner, G. 1967. Electron microscopy of microsomal sub-
fractions isolated from guinea pig pancreas. J. 
Ultrastruct. Res. 18: 277. 
Dallner, G., P. Siekevitz, and G. Palade. 1966. Biogenesis 
of endoplasmic reticulum membranes. I. Structural and 
chemical differentiation in developing rat hepatocyte. 
J. Cell Biol. 30: 73. 
Dalton, A. J. 1951. Electron micrography of epithelial cells 
of the gastro-intestinal tract and pancreas. Am. J. 
Anat. 89: 109. 
Dalton, A. J. 1961. Golgi apparatus secretion and granules. 
In The Cell. J. Brachet and A. Mirsky, eds. Academic 
Press, New York. Vol. 2, 603. 
Dickman, S., and E. Bruenger. 1965. Structure of canine 
pancreas polysomes. Effects of proteases on sedimentation 
behavior and incorporation of amino acids into 
polypeptides. Biochem. 4; 2335. 
Dickman, S., and E. Bruenger. 1969. Purification and 
properties of dog pancreas ribosomes and subunits. 
Biochem. 8: 3295. 
Dickman, S., R. Holtzer, and G. Gazzinelli. 1962a. Protein 
synthesis by beef pancreas slices. Biochem. 1: 574. 
Dickman, S., J. Madison, and R. Holtzer. 1962b. Preparation 
and properties of beef microsomal fraction. Biochem. 
1; 568. 
Divry, P. 1956. De la notion d'amyloidose cérébrale dan les 
processus seniles. Experientia. 4: 112. 
Duncan, D., D. Nail, and R. Morales. 1960. Observations oh 
the fine structure of old age pigment. J. Gerontol. 15: 
366. 
Duve, C. de. 1963. General properties of lysosomes. ^ 
Ciba Foundation Symposium on Lysosomes. A, de Reuck and 
M. Cameron, eds. Little, Brown and Company, Boston. 1. 
141 
Duve, C. de, and R. Wattiaux. 1966. Functions of lysosomes. 
Ann. Rev. Physiol. 28; 435. 
Eboué-Bonis, D., A. Chambaut, P. Volfin, and H. Clauser. 1963. 
Action of insulin on the isolated rat diaphragm in the 
presence of actinomycin D and puromycin. Nature. 199: 
1183. 
Ehrlich, J., and I. Ratner. 1961. Amyloidosis of the islets 
of Langerhans. A study of the islet hyaline in dieibetic 
and non-diabetic individuals. Am. J. Path. 38; 49. 
Ekholm, R., and Y. Edlund. 1959. Ultrastructure of the human 
exocrine pancreas. J. Ultrastruct. Res. 2; 453. 
Ekholm, R,, T. Zelander, and Y. Edlund. 1962a. The ultra-
structural organization of the rat exocrine pancreas. I. 
Acinar cells. J. Ultrastruct. Res. 7; 61. 
Ekholm, R., T. Zelander, and Y. Edlund. 1962b. The ultra-
structural organization of the rat exocrine pancreas. II. 
Centroacinar cells, intercalary and intralobular ducts. 
J. Ultrastruct. Res. 7; 73. 
Elliot, A., and I. Bak. 1964. The fate of mitochondria during 
aging in Tetrahymena Pyriformis. J. Cell Biol. 20: 113. 
Essner, E., and A. Novikoff. 1960. Human hepatocellular 
pigments and lysosomes. J. Ultrastruct. Res. 3: 374. 
Falck, B., and B. Hellman. 1963. Evidence for the presence 
of biogenic amines in pancreatic islets. Experientia. 
19: 139. 
Farquhar, M., and S. Wellings. 1957. Electron microscopic 
evidence suggesting secretory granule formation within 
the Golgi apparatus. J. Biophys. Biochem. Cytol. 3; 319. 
Fedou, R., A. Ribet, and J. Izard. 1966. Corpuscles containing 
crystalline formations in the exocrine pancreas of the dog. 
Exptl. Cell Res. 42; 389. 
Felinkova, M. 1964. Metabolism of fatty tissue and its 
change during aging. Ceskoslov. Fysiol. 13: 1. 
Ferner, H. 1952. Das Inselsystem des Pancreas. Thieme 
Verlag, Stuttgart. 
142-143 
Ferris, H. 1936. Amyloidosis of lungs and heart. Am. J. 
Path. 12: 701. 
Few, A., and R. Getty. 1967. Occurrence of lipofuscin as 
related to aging in the canine and porcine nervous 
system. J. Gerontol. 22: 357. 
Fikry, M. 1968. Exocrine pancreatic functions in the aged. 
J. Am. Geriat. Soc. 16: 463. 
Findlay, V. 1954. On elastase and the elastic dystrophies of 
the skin. Brit. J. Derm. 66: 16. 
Flatt, J., and E. Ball. 1964. Studies on the metabolism of 
adipose tissue. XV. An evaluation of the major pathways 
of glucose catabolism influence by insulin and 
epinephrine. J. Biol. Chem. 239: 675. 
Prye, B. 1957. The differentiation of the endocrine pancreas 
in fetuses of alloxan diabetic and insulin-treated rats. 
J. Morph. 101: 325. 
Puxe, K., and G. Sedvall. 1965. The distribution of 
adrenergic nerve fibers to the blood vessels in skeletal 
muscle. Acta Physiol. Scand. 64: 75. 
Gatenby, J. 1953. The Golgi apparatus of the living 
sympathetic ganglion cells of the mouse, photographed by 
phase contrast microscopy. Roy, Micr. Soc. J. 73: 61. 
Gedigls, P., and E. Bontke. 1956. Uber der nachiveis von 
hydrolytisChen enzymen in lipopigmenten. Z. Zellforsch. 
Mikroskop. Anat. 44: 495. 
Geer, J., H. McGill, Jr., and J. Strong. 1961. The fine 
structure of human atherosclerotic lesions. Am. J. Path. 
38; 263. 
Gellerstedt, N. 1938. Die elektive, insulaere (Para) 
Amyloidose der Bauchspeicheldruese. Zugleich ein Beitrag 
zur Kenntnis der "senilen Amyloidose". Beitr. Path. 
Anat. 101: 1. 
Gellhorn, A., and W. Benjamin. 1965. Effects of aging on the 
composition and metabolism of adipose tissue in the rat. 
In Handbook of Physiology. A. Renold and G. Cahill, Jr., 
e3fs. Williams and Wilkins Co., Baltimore. Sect. 5, 399. 
144 
Gellhorn, A., W. Benjamin, and M. Wagner. 1962. The vitro 
incorporation of acetate-l-cl4 into individual fatty 
acids of adipose tissue from young and old rats. J. 
Lipid Res. 3; 314. 
Getty, R. 1949. Histocytological studies on normal bovine 
livers and on bovine livers exhibiting a focal hepatitis 
and telangiectasis. Unpublished Ph.D. thesis. Library, 
Iowa State University, Ames, Iowa. 
Getty, R. 1962. Gérontologie studies in domestic animals; 
their implications and applications. J. Am. Vet. Med. 
Assoc. 140: 1323. 
Getty, R. 1963. Gerontology in Animals. Proc. 17th World 
Vet. Congr., Hannover. 1: 157. 
Getty, R. 1965a. The gross and microscopic occurrence and 
distribution of spontaneous atherosclerosis in the 
arteries of swine. ^ Comparative Atherosclerosis. 
J. Roberts, Jr. and R. Straus, eds. Harper and Row, 
New York. 11-20. 
Getty, R. 1965b. Occurrence and distribution of spontaneous 
vascular lesions in the dog from birth to senescence. 
Gerontologist. 5; 20. (Abstr.) 
Getty, R. 1968. Gordon Research Conference on the Chemistry 
of Aging, Santa Barbara, California, Jan., 1968. 
Dept. of Vet. Anatomy, Iowa State University, Ames, Iowa. 
Gierer, A. 1963. Function of aggregated reticulocyte 
ribosomes in protein synthesis. J. Mol. Biol. 6: 148. 
Gomez-Acebo, J., R. Parrilla, and J. Candela. 1968. Fine 
structure of the A and D cells of the rabbit endocrine 
pancreas in vivo and incubated in vitro. J. Cell. Biol. 
36: 33. 
Gomori, G. 1941. Observations with differential stains on 
human islets of Langerhans. Am. J. Path. 17: 395. 
Gordon, G., L. Miller, and K. Bensch. 1965. Studies on the 
intracellular digestive process in mammalian tissue 
culture cells. J. Cell Biol. 25: 41. 
Grafflin, A. 1940. Histological observations upon an adult 
human pancreas (autofluorescence, fat and pigment). 
Anat. Rec. 78: 207. 
145 
Gray, H. 1930. Anatomy of the Human Body. Lea and Febriger, 
New York. 1476. 
Greene, L., C. Hirs, and G. Palade. 1963. On the protein 
composition of bovine pancreatic zymogen granules. 
J. Biol. Chem. 238: 2054. 
Gross, J. 1950. A study of the aging of collagenous connec­
tive tissue of rat skin with the electron microscope. 
Am. J. Path. 26: 708. 
Guyton, A. 1966. Textbook of Medical Physiology. Academic 
Press, Philadelphia. 981. 
Haensly, W., and R. Getty. 1965. Age changes in the weight of 
the adrenal glands of the dog. J. Gerontol. 20: 544. 
Haist, R., and E. Pugh. 1948. Volume measurement of the 
islets of Langerhans and the effects of age and fasting. 
Am, J. Physiol. 152: 36. 
Hajdu, A,, and G. Rona. 1967. Morphological observations on 
spontaneous pancreatic islet changes in rats. Diabetes. 
16; 108. 
Hall, D. A. 1961. The possible implications of enzymes of 
the elastic complex in atherosclerosis. J. Atheroscler. 
Res. 1: 173. 
Hall, D. A. 1964. Elastolysis and Ageing. Thomas, Spring­
field. 
Hall, D. A. 1968. Age changes in the levels of elastase and 
its inhibitor in human plasma. Gerontologia. 14: 97. 
Hannover, A. 1842. Mikroskopiske undersogelser of 
nervesystemet. Danske Videnskabernes Selskab Skrifter 
Naturvidenskabelig og Mathematisk Afdeling Kjobenhavn. 
10: 1. 
Hansson, E. 1959. The formation of pancreatic juice proteins 
studied with labelled amino acids. Acta Physiol. Scand, 
Suppl. 161. 46: 1. 
Haraszti, A., L. Szabô, and K. Kis. 1967. Changes of the 
hepatic content of lipfuscin in aged subjects. Morph. 
Igazs. Orv. Szle. 7: 113. 
146 
Haust, M./ H. Movat, and R. More. 1957. Organization by 
smooth muscle cells. Am. J. Path. 33; 626. 
Hellerstrom, C., I. Taljedal, and B. Hellman. 1964. 
Quantitative studies on isolated pancreatic islets of 
mammals. Acta Endocrinolog. 45: 476. 
Hellman, B. 1959a. The effect of ageing on the number of the 
islets of Langerhans in the rat. Acta Endocrinolog. 
32; 78. 
Hellman, B. 1959b. The effect of ageing on the total volumes 
of the A and B cells in the islets of Langerhans of the 
rat. Acta Endocrinolog. 32; 92. 
Hellman, B. 1959c. The numerical distribution of the islets 
of Langerhans at different ages of the rat. Acta 
Endocrinolog. 32; 63. 
Hellman, B. 1959d. The relation between age and the B/A cell 
ratio in the islet tissue of the rat. Acta Endocrinolog. 
31; 80. 
Hellman, B. 1959e. The total voluirie of the pancreatic islet 
tissue at different ages of the rat. Acta Pathol. Micro. 
Scand. 47; 35. 
Hellman, B. 1959f. The volumetric distribution of the 
pancreatic islet tissue in young and old rats. Acta 
Endocrinologica. 31; 91. 
Herman, L., and P. Fitzgerald. 1962a. The degenerative 
changes in pancreatic acinar cells caused by DL-ethionine. 
J. Cell Biol. 12; 277. 
Herman, L., and P. Fitzgerald. 1962b. Restitution of 
pancreatic acinar cells following ethionine. J. Cell 
Biol. 12: 297. 
Herman, L., T. Sato, and P. Fitzgerald. 1964. The pancreas. 
In Electron Microscopic Anatomy. S. Kurtz, ed. 
Academic Press, New York. 59. 
Hess, A. 1955. The fine structure of young and old spinal 
ganglia. Anat. Rec. 123: 399. 
Hess, W., and C. Root. 1938. Study of the pancreas of white 
rats of different age groups. Am. J. Anat. 63: 489. 
147 
Hill, R. 19 61. Hyperplasia of the islets of Langerhans 
associated with spontaneous hypoglycemia. J. Roy. Coll. 
Surg. Edinb. 6: 126. 
Hogeboom, G., W. Schneider, and G. Palade. 1948. Cytochemical 
studies of mammalian tissues. 1. Isolation of intact 
mitochondria from rat liver; some biochemical properties 
of mitochondria and submicroscopic particulate material. 
J. Biol. Chem. 172: 619. 
Hogland, M., M. Stephenson, J. Scott, L. Hecht, and P. 
Zamechnick. 1958. A soluble ribonucleic acid inter­
mediate in protein synthesis. J. Biol. Chem. 231; 241. 
Hokin, L. 1955. Isolation of the zymogen granules of dog 
pancreas and a study of their properties. Biochim. 
Biophys. Acta. 18: 379. 
Honjo, I., K. Ozawa, O. Kitamura, A. Sakai, and T. Ohsawa. 
1968. Rapid change of phospholipid in pancreas 
mitochondria during aging. J. Biochem. 63: 311. 
Horst, L. van der, F. Stam, and J. Wigboldus. 1960. 
Amyloidosis in senile and presenile involutional process 
of the central nervous system. J. Nerv. Ment. Dis. 13 0: 
578. 
Hoyos-Guevara, E. de. 1969. The pancreatic islet system of 
the mouse (Mus musculus). Ultrastructural report of six 
new cell types. Z. Zellforsch. Mikroskop. Anat. 101: 28, 
Hrachovec, J. 1969. Age changes in amino acid incorporation 
by rat liver microsomes. Gerontologia. 15: 52. 
Hrachovec, J. 1970. Age changes in ratio of protein to RNA in 
rat liver microsomes. Fed. Proc. 29: 849. 
Hruban, Z., B. Spargo, H. Swift, R. Wissler, and R. Kleinfeld. 
1963. Focal cytoplasmic degradation. Am. J. Path. 
42: 657. 
Hruban, Z., H. Swift, and R. Wissler. 1962. Analog-induced 
inclusions in pancreatic acinar cells. J. Ultrastruct. 
Res. 7: 273. 
Hultquist, G. 1950. Diabetes and pregnancy. An animal study. 
Acta Path. Microbiol. Scand. 27: 695. 
148 
Hxint, T. 1936. Differential counts of the islet cells of the 
dog pancreas. Anat. Rec. 67; Suppl. 3, 27. 
Hurlbut, B., and H. Meyer. 1949. Primary amyloidosis of the 
heart. Am. Heart J. 38: 604. 
Huxley, H., and G. Zubay. 1960. Electron microscope 
observations of the structure of microsomal particles from 
Escherichia coli. J. Mol. Biol. 2: 10. 
Hyden, H. 1943. Protein metabolism in the nerve-cell during 
growth and function. Acta Physiol. Scand. 6: Suppl. 17, 1. 
Jaffe, F. 1951. A quantitative study of the islets of 
Langerhans in the rabbit. Anat. Rec. 11: 109. 
Jamieson, J., and G. Palade. 1967a. Intracellular transport 
of secretory proteins in the pancreatic exocrine cell. I. 
Role of the peripheral elements of the Golgi complex. 
J. Cell Biol. 34; 577. 
Jamieson, J., and G. Palade. 1967b. Intracellular transport 
of secretory proteins in the pancreatic exocrine cell. 
II. Transport to condensing vacuoles and zymogen 
granules. J. Cell Biol. 34: 597. 
Jayne, E. 1950. Cytochemical studies of age pigments in the 
human heart. J. Gerontol. 5: 319. 
Jores/ L. 1924. In Handbuch der speziellen pathologischen 
Anatomie und Histologie. F. Henke and 0. Lubarsch, eds. 
Julius Springer, Berlin. Vol. 2, 700. 
Junqueira, L., and G. Hirsch. 1956. Cell secretion: A study 
of pancreas and salivary glands. Int. Rev. Cytol. 5: 323. 
Kaplan, S., and M. Grumbach. 1962a. Immunological assay and 
characteristics of the growth hormone in the pituitary 
of the human fetus. Am. J. Dis. Child, 104: 528. 
Kaplan, S., and M. Grumbach. 1962b. Nonspecific inhibitors 
in serum and the immunoassay of human growth hormone. 
J. Clin. Endocrinol. Metab. 2?î 1153. 
Keller, P., E. Cohen, and J. Beeley. 1968. Canine pancreatic 
ribosomes. II. The protein moiety. J. Biol. Chem. 
243; 1271. 
Keller, P., E. Cohen, and H. Neurath. 1958. The proteins of 
bovine pancreatic juice. J. Biol. Chem. 233: 344. 
149 
Keller, P., E. Cohen, and H. Neurath. 1959. The proteins of 
bovine pancreatic juice. II. Rates of synthesis ^  vivo 
of the cationic proteins. J. Biol. Chem. 234; 311. 
Keller, P., E. Cohen, and R. Wade. 1963. Bovine pancreatic 
ribosomes. I. Preparaion and some properties. Biochem. 
2: 315. 
Kirk, J., and M. Dyrbye. 1956. Hexosamine and acid-
hydrolyzable sulfate concentrations of the aorta and 
pulmonary artery in individuals of various ages. J. 
Gerontol. 11; 273. 
Kohn, R. 1963. Human aging and disease. J. Chronic Dis. 
16: 5. 
Korp, W., and P. LeCompte. 1955. Nature and function of 
alpha cells of pancreas; their possible role in production 
of glucagon. Diabetes. 4: 347. 
Korpassy, B. 1939. Die basalzellenmetaplasie der Aus 
fûhrungsgânge des Pankreas. Virchows Arch. 303: 359. 
Kurtz, S. 1961. Ageing changes in the salivary glands and 
pancreas. ^ Structural Aspects of Ageing. G. Bourne, 
ed. Hafner Publishing Co. Inc., New York. 81. 
Lacy, P. 1957. Electron microscopic identification of 
different cell types in the islets of Langerhans of the 
guinea pig, rat, rabbit, and dog. Anat. Rec. 128; 255. 
Lacy, P. 1964. Aetiology of diabetes mellitus and its 
complications. ^ Ciba Colloguia on Endocrinology. 
M. Cameron and M. O'Connor, eds. Little and Brown and 
Co., Boston. Vol. 15, 84. 
Lane, M. 1907. The cytological characters of the areas of 
Langerhans. Am. J. Anat. 7; 409. 
Langdon, R., and D. Weakley. 1955. The influence of hormonal 
factors and of diet upon hepatic glucose-6-phosphatase 
activity. J. Biol. Chem. 214: 167. 
Lansing, A., Z. Cooper, and T. Rosenthal. 1953. Some 
properties of degenerative elastic tissue. Anat. Rec. 
115: 340. 
Lazarus, S., B. Volk, and H. Harden. 1966. Localization of 
acid phosphatase activity secretion mechanism in rabbit 
pancreatic 8-cells. J, Histochem. Cytochem. 14: 233. 
150 
Leblond, C., N. Everett, and B. Simmons. 1957. Sites of 
protein synthesis as shown by radioautography after 
administration of S^^-labelled methionine. Am. J. Anat. 
101: 225. 
Lee, T., D. Swartzendruber, and F. Snyder. 1969. Zonal 
centrifugation of microsomes from rat liver: resolution 
of rough- and smooth-surfaced membranes. Biochem. 
Biophys. Res. Commun. 36; 748. 
Legg, P. 1967. The fine structure and innervation of the beta 
and delta cells in the islets of Langerhans of the cat. 
Z. Zellforsch. 80: 307. 
Legg, P. 1968. Fluorescence studies on neural structures and 
endocrine cells in the pancreas of the cat. Z. 
Zellforsch. Mikro. Anat. 88: 487. 
Lever, J., and A. Esterhuizen. 1961. Fine structure of the 
arteriolar nerves in the guinea pig pancreas. Nature. 
192: 566. 
Lever, J., J. Graham, G. Irvine, and W. Chick. 1965. The 
vesiculated axons in relation to arteriolar smooth muscle 
in the pancreas. A fine structural and quantitative 
study. J. Anat. 99: 299. 
Lever, J., T. Spriggs, and J. Graham. 1967. Paravascular 
nervous distribution in the pancreas. J. Anat. 101: 189. 
Lever, J., T. Spriggs, and J. Graham. 1968. A formol-
fluorescence, fine-structural and autoradiographic study 
of the adrenergic innervation of the vascular tree in the 
intact and sympathectomized pancreas of the cat. 
J. Anat. 103: 15. 
Littlefield, J., E. Keller, J. Gross, and P. Zamecnik. 1955. 
Studies on cytoplasmic ribonucleoprotein particles from 
the liver of the rat. J. Biol. Chem. 217: 111. 
Loeven, W. 1963. The enzymes of the elastase complex. In 
International Review of Connective Tissue Research. 
D. A. Hall, ed. Academic Press, New York. Vol. 1, 183. 
Loeven, W. 1965. Elastolysis III: The release of carbohydrate 
moieties during the incubation of acid- and alkali-treated 
elastin with the enzymes of the elastase complex. Acta 
Physiol. Pharmacol. Neerl. 13: 278. 
151 
Loeven, W. 1967. Elastoproteinase and elastomucases: The 
effect of age on the enzyme content in human pancreas. 
Gerontologia 13: 200. 
Lowenstein, W. R. 1960. Neural control of mucous gland cells 
of the pancreatic duct. Am. J. Digest. Diseases. 5: 126. 
Lowry, O., N. Rosenbrough, A. Farr, and R. Randall. 1951. 
Protein measurement with the folin phenol reagent. 
J. Biol. Chem. 193; 265. 
Luginbiihl, H., J. Jones, and D. Detweiler. 1965. The 
morphology of spontaneous arteriosclerotic lesions in the 
dog. ^ Comparative Atherosclerosis. J. Roberts, Jr. 
and R. Straus, eds. Harper and Row, New York. 163. 
Maldonado, R., and H. San Jose. 1967. A phloxine-azure-
hematoxylin sequence for differential staining of cells 
in pancreatic islets (cat, dog, rat, rabbit, guinea pig, 
and human tissue). Stain Tech. 42: 11. 
Mark, J. 1956. An electron microscope study of uterine smooth, 
muscle. Anat. Rec. 125: 473. 
Marshall, J. 1954. Distribution of chymotrypsinogen, 
procarboxypeptidase, desoxyribonuclease, and ribonuclease 
in bovine pancreas. Exptl. Cell Res. 6: 240. 
McMinn, R., and J. Kugler. 1961. The glands of the bile and 
pancreatic ducts: autoradiographic and histochemical 
studies. J. Anat. 95: 1. 
McShan, W., and M. Hartley. 1965. Production, storage and 
release of anterior pituitary hormones. Rev. Physiol., 
Biochem. Exptl. Pharmacol. 56; 264. 
Memeo, S., and V. Gnocchini. 1961. A study of the functional 
condition of the exocrine pancreas in subjects of 
advanced age. Endocr. Sci. Cost. 27: 33. 
Mering, J. von, and 0. Minkowski. 1890. Diabetes mellitus 
nach pancreas extirpation. Arch. Exp. Path. Pharmak. 
26: 371. 
Merklin, R. 1969. Lymphatic vessels of the pancreas. Anat. 
Rec. 163: 228. 
Meyers, v., and W. Lang. 1946. Some chemical changes in the 
human thoracic aorta accompanying the aging process. 
J. Gerontol. 1: 441. 
152 
Miller, M., G. Christensen, and H. Evans. 1964. Anatomy of 
the Dog. W. B. Saunders Co., Philadelphia. 706. 
Millonig, G. 1961. Advantages of a phosphate buffer for OsO^ 
solutions in fixation. J. Appl. Phys. 32: 1637. 
Mollenhauer, H. 1964. Plastic embedding mixtures for use in 
electron microscopy. Stain Technol. 39: 111. 
Moore, R. 1968. Effect of age of rats on the response of 
adipose tissue to insulin and the multiple forms of 
hexose. J. Gerontol. 23: 45. 
Moore, R., A. Chandler, and N. Tettenhorst. 1964. Glucose-
ATP transferases in adipose tissue of fasted and refed 
rats. Biochem. Biophys. Res. Commun. 17: 527. 
More, R., H. Movat, and M. Haust. 1957. Role of mural fibrin 
thrombi of the aorta in genesis of arteriosclerotic 
plaques. Arch. Path. 63: 612. 
Morel, F., and E. Wildi. 1952. General and cellular patho-
chemistry of senile and presenile alterations of the 
brain. Proc. 1st Int. Cong. Neuropath. (Rome) Turin. 
2: 347. 
Morré, D., R. Hamilton, H. Mollenhauer, R. Mahley, W. 
Cunningham, R. Cheetham, and V. Lequire. 1970. 
Isolation of a Golgi apparatus-rich fractionation from 
rat liver. I. Method and Morphology. J. Cell Biol. 44: 
484. 
Morré, D., L. Merlin, and T. Keenan. 1969. Localization of 
glycosyl transferase activities in a Golgi apparatus-rich 
fraction isolated from rat liver. Biochem. Biophys. Res. 
Commun. 37: 813. 
Morris, A., and S. Dickman. 1960. Biosynthesis of ribonuclease 
in mouse pancreas. J. Biol. Chem. 235: 1404. 
Morris, H. 1942. Morris' Human Anatomy. The Blakiston Co., 
New York. 1416. 
Mosca, L. 1956. Changes in the islets of Langerhans 
associated with age and hibernation. Quart. J, Exper. 
Physiol. 41: 433. 
153 
Mull, F./ and F. Sri Ram. 1965. Difference with age in the 
digestibility of human aortic elastin. J. Gerontol. 
20: 201. 
Hunger, B. 1958. A phase and electron microscopic study of 
cellular differentiation in pancreatic acinar cells of 
the mouse. Am. J. Anat. 103; 1. 
Munger, B., F. Carmina, and P. Lacy. 1965. The ultra-
structural basis for the identification of cell types in 
the pancreatic islets. II. Rabbit, dog and oppossum. 
Z. Zellforsch. 67: 776. 
Munger, B., and P. Lacy. 1965. The ultrastructural basis for 
the identification of cell types in the pancreatic islets. 
I. Guinea pig. Z. Zellforsch. 67: 533. 
Munnell, J., and R. Getty. 1968a. Canine myocardial Z-disc 
alterations resembling those of nemaline myopathy. 
Lab Invest. 19: 303. 
Munnell, J., and R. Getty. 1968b. Nuclear lobulation and 
amitotic division associated with increased cell size in 
the aging canine myocardium. J. Gerontol. 23: 363. 
Munnell, J., and R. Getty. 1968c. Rate of accumulation of 
cardiac lipofuscin in the aging canine. J. Gerontol. 
23: 154. 
Murthy, M. 1966. Protein synthesis in growing-rat tissues. 
II. Polyribosome concentration of brain and liver as a 
function of age. Biochim. Biophys. Acta. 119: 599. 
Noll, H., T. Staehelin, and F. Wettstein. 1963. Interaction 
of messenger RNA with mammalian ribosomes: structure, 
assembly and breakdown of ergosomes. Fed. Proc. 22: 525. 
Novikoff, A. 1961. Lysosomes and related particles. ^ The 
Cell. J. Brachet and A. Mirsky, eds. Academic Press, 
New York. Vol. 2, 423. 
Novikoff, A., E. Essner, and N. Quintana. 1964. Golgi 
apparatus and lysosomes. Fed. Proc. 23: 1010. 
Nutritional Review. 1965. Coronary disease and preclinical 
diabetes. Nut. Rev. 23: 1323. 
154 
Okada, N., R. Takaki, and M. Kitagawa. 1968. Histologic and 
immunofluorescent studies on the site of origin of 
glucagon in mammalian pancreas. J. Histochem. Cytochem. 
16: 405. 
Opie, E. L. 1901a. On the relation of chronic interstitial 
pancreatitis of the islands of Langerhans and to diabetes 
mellitus. J. Exp. Med. 5; 397. 
Opie, E. L. 1901b. The relation of diabetes mellitus to 
lesions of the pancreas. Hyaline degeneration of the 
islands of Langerhans. J. Exp. Med. 5: 527. 
Opie, E. L. 1932. Cytology of the pancreas. ^ Special 
Cytology. E. Cowdry, ed. Harper, New York. Vol. 1, 
Chapter X, 373. 
Osinchak, J. 1964. Electron microscopic localization of acid 
phosphatase and thiamine pyrophosphatase activity in 
hypothalamic neurosecretory cells of the rat. J. Cell 
Biol. 21; 35. 
Overholser, M. 1925. The number of islets of Langerhans in 
the pancreas of the albino rat. Endocrinol. 9: 493. 
Palade, G. E. 1955. A small particulate component of the 
cytoplasm. J. Biophys. Biochem. Cytoi. 1: 59. 
Palade, G. E. 1956a. The endoplasmic reticulum. J. Biophys. 
Biochem. Cytoi. 2, Suppl., 85. 
Palade, G. E. 1956b. Intracisternal granules in the exocrine 
cells of the pancreas. J. Biophys. Biochem. Cytol. 2: 
417. 
Palade, G. E. 1959. Functional changes in the structure of 
cell components. ^ Subcellular Particles. T. Hayashi, 
ed. Ronald Press, New York. 64. 
Palade, G., and P. Siekevitz. 1955a. A correlated structural 
and chemical analysis of microsomes. Anat. Rec. 121: 347. 
Palade, G., and P. Siekevitz. 1955b. Correlated structural 
and chemical analysis of microsomes. Fed. Proc. 14: 262. 
Palade, G., and P. Siekevitz. 1956a. Liver microsomes. An 
integrated morphological and biochemical study. J. 
Biophys. Biochem. Cytol. 2: 171. 
155 
Palade, G., and P. Siekevitz. 1956b. Pancreatic microsomes. 
An integrated morphological and biochemical study. 
J. Biophys. Biochem. Cytoi. 2: 671. 
Pantelakis, S. 1954. Un type particulier d'angiopathie senile 
du septime nerveux central; 1'angiopathie Congophile; 
Topographie et frequence. Mtschr. Psychiat. Neurol. 
128; 219. 
Palay, S. 1960. The fine structure of secretory neurons in 
the preoptic nucleus of the goldfish (Carassius auratus). 
Anat. Rec. 138; 417. 
Panum, P. 1862. Experimentelle Beitrâge zur Lehre von der 
Embolie. Virchow Arch. 25; 308. 
Parker, F. 1960. An electron microscopic study of experimental 
atherosclerosis. Am. J. Path. 36: 19. 
Parker, F., and G. Odland. 1966. A light microscopic, 
histochemical and electron microscopic study of experi­
mental atherosclerosis in rabbit coronary artery and a 
comparison with rabbit aorta atherosclerosis. Am. J. 
Path. 48; 451. 
Parlow, A. 1966. The pituitary content of growth and other 
hormones during fetal and later life. In Human Pituitary 
Growth Hormone. 54th Ross Conf. Ped. Res. R. Blizzard, 
ed. Ross Laboratories, Columbus, Ohio. 94. 
Parrilla, R., J. Gomez-Acebo, and J. Candela. 1969. Ultra-
structural evidence for the presence of enterochromaffin 
type II cells in the pancreatic islets of the rabbit. 
J. Ultrastruct. Res. 26; 1. 
Pearse, A. 1961. Histochemistry. Little, Brown and Co., 
Boston. 925. 
Pease, S., and S. Molinari. 1960. Electron microscopy of 
muscular arteries; pial vessel of the cat and monkey. 
J. Ultrastruct. Res. 3; 447. 
Pecile, A., E. Muller, G. Falconi, and L. Martini. 1965. 
Growth hormone-releasing activity of hypothalamic 
extracts at different ages. Endocrinol. 77; 241. 
Pellegrini, G., and E. Solcia. 1967. Iperplasia delie isole 
di Langerhans associata ad ipoglicemia spontanea. Arch. 
Ital. Chir. 93; 30. 
156 
Pollak, O. 1957. Pancreatic morbidity. Review based on four 
hundred necropsies. Delaware Med. J. 29; 18. 
Pollak/ O. 1968. Human pancreatic atherosclerosis. Ann. N. 
Y. Acad. Sci. 149: 585. 
Porta, E., R. Yerry, and R. Scott. 1962. Amyloidosis of the 
functioning islet cell adenoma of the pancreas. Am. J. 
Path. 41: 623. 
Porter, K., and P. Vanamee. 1949. Observations on the forma­
tion of connective tissue fibers. Proc. Soc. Exptl. 
Biol. Med. 71: 513. 
Potter, v., and C. Elvehjem. 1936. A modified method for the 
study of tissue oxidations. J. Biol. Chem. 114: 495. 
Rasmussen, A. 1934. The weight of the principal components 
of the normal hypophysis cerebri of the adult human 
female. Am. J. Anat. 55: 253. 
Reichel, W. 1968. Lipofuscin pigment accumulation and 
distribution in five rat organs as a function of age. 
J. Gerontol. 23: 145. 
Reichel, W., J. Hollander, J. Clark, and B. Strehler. 1968. 
Lipofuscin pigment accumulation as a function of age and 
distribution in rodent brain. J. Gerontol. 23: 71. 
Reiner, L., F. Jimenez, and F. Rodriguez. 1963. Athero­
sclerosis in the mesenteric circulation. Observations 
and correlations. Am. Heart J. 66: 200. 
Remmer, H., and J. Merker. 1965. Metabolic aspects of the 
toxcity of drugs. Effect of drugs on the formation of 
smooth endoplasmic reticulum and drug-metabolizing 
enzymes. Ann. N. Y. Acad. Sci. 123: 79. 
Richards, J., and P. Fitzgerald. 1962. Segmental division of 
rat pancreas for surgical excision, duct or vascular 
ligation studies. Fed. Proc. 21: 266. 
Richardson, K. 1964. The fine structure of the albino rabbit 
iris with special reference to the identification of 
adrenergic and cholinergic nerves and nerve endings in 
its intrinsic muscles. Amer. J. Anat. 114: 173. 
Richardson, K., and F. Young. 1937. The pancreotropic action 
of anterior pituitary extracts. J. Physiol. 91: 352. 
157 
Ritter, U. 1964. Decrease of the functional activity of the 
pancreas under influence of aging. Wien. med. Wschr. 
114; 97. 
Roberts, J., Jr. 1961. Distribution and severity of 
spontaneous atherosclerosis in the dog. Circulation 24: 
1101. 
Robertson, J., and D. Reid. 1952. Standards for the basal 
metabolism of nomal people in Britain. Lancet. 262: 940. 
Rothschild/ J. A. 1963. The isolation of microsomal 
membranes. Biochem. Soc. Syrtip. 22: 4. 
Runnells, R. 1954. Animal Pathology. Iowa State College 
Press, Ames, Iowa. 278. 
Sabatini, D., K. Bensch, and R. Barrnett. 1963. Cytochemistry 
and electron microscopy; The preservation of cellular 
ultrastructure and enzymatic activity by aldehyde 
fixation. J. Cell Biol. 17; 19. 
Samorajski, T., J. Ordy, and J. Keefe. 1965. The fine 
structure of lipofuscin age pigment in the nervous 
system of aged mice. J. Cell Biol, 26: 779. 
Scarselli, V., and M. Repetto. 1959. The elastin content of 
the lung in relation to age. Ital. J. Biochem, 8: 169, 
Schneider, W. 1948. Intracellular distribution of enzymes. 
III. The oxidation of octanoic acid by rat liver 
fractions. J, Biol, Chem, 176: 259. 
Schneider, W. 1957. Determination of nucleic acids in 
tissues by pentose analysis. ^ Methods in Enzymology. 
S, Colwick and N. Kaplan, eds. Academic Press, New York. 
Vol. 3, 680. 
Scholz, W. 1938. Studien zur Pathologie der Hirngefesse, 
II. Die drusige Entartung der Hirnartiern und Kapillaren. 
(Eine Form senile Gefaesserkrankung). Z, Ges. Neurol, 
Psychiat. 162: 694. 
Schwartz, P., J. Kuruez, and A. Kurucz, 1965, Fluorescence 
microscopy demonstration of cerebro-vascular and 
pancreatic insular amyloid in presenile and senile 
states. J. Am. Geriat, Soc. 13: 199, 
158 
Schwartz, P., and K. Wolfe. 1967. New aspects of cardio­
vascular disease in the aged. J. Am. Geriat. Soc. 
15: 640. 
Schwarze, E., and L. Schroder. 1962. Kompendium der 
Veterinar-Anatomie. Veb Gustav Fischer Verlag Jena, 
Leipzig. Band II, 107. 
Seckel, H. 1960. Concepts relating the pituitary growth 
hormone to somatic growth of the normal child. Am. J. 
Dis. Child. 99; 349. 
Segal, H., and M. Washko. 1959. Studies of liver glucose-6-
phosphatase. III. Solubilization and properties of the 
enzyme from normal and diabetic rats. J. Biol. Chem. 
234; 1937. 
Seifert/ G. 1954. Zur Orthologie und Pathologie des 
qualitativen Inselzellbildes (nach Bensley-Terbruggen). 
Arch. Pathol. Anat. 325; 379. 
Sharp, G., S. Lassen, S. Shankman, J. Hazlet, and S. Rendis. 
1957. Studies of protein retention and turnover using 
nitrogen-15 as a tag. J. Nut. 63: 155. 
Siekevitz, P., and G. Palade. 1958a. A cytochemical study 
on the pancreas of the guinea pig. I. Isolation and 
enzymatic activities of cell fractions. J. Biophys. 
Biochem. Cytoi. 4; 203. 
Siekevitz, P., and G. Palade. 1958b. A cytochemical study on 
the pancreas of the guinea pig. III. ^ vivo incorpora­
tion of leucine-l-cl4 into the proteins of cell fractions. 
J. Biophys. Biochem. Cytol. 4; 557. 
Siekevitz, P., and G. Palade. 1959. A cytochemical study on 
the pancreas of the guinea pig. IV. Chemical and 
metabolic investigation of the ribonucleoprotein particles. 
J. Biophys. Biochem. Cytol. 5: 1. 
Siekevitz, P., and G. Palade. 1960. A cytochemical study on 
the pancreas of the guinea pig. V. ^ vivo incorporation 
of leucine-l-cl4 into the chymotrypsinogen of various 
cell fractions. J. Biophys. Biochem. Cytol. 7; 619. 
Simpson, M., C. Ashing, and H. Evans. 1950. Some endocrine 
influences on skeletal growth and differentiation. Yale 
J. Biol. Med. 23: 1. 
159 
Sjostrand, F., and L. Elfvin. 1962. The layered, asymmetric 
structure of the plasma membrane in the exocrine pancreas 
cells of the cat. J. Ultrastruct. Res. 7: 504. 
Sjostrand/ F., and V. Hanzon. 1954a. Electron microscopy of 
the Golgi apparatus of the exocrine pancreas cells. 
Experientia. 10: 367. 
Sjostrand, F., and V. Hanzon. 1954b. Membrane structures of 
cytoplasm and mitochondria in exocrine cells of mouse 
pancreas as revealed by high resolution electron 
microscopy. Exptl. Cell Res. 7; 393. 
Sjostrand, F., and V. Hanzon. 1954c. Ultrastructure of Golgi 
apparatus of exocrine cells of mouse pancreas. Exptl. 
Cell Res. 7: 415. 
Smith, R. E. 1964. Cytochemical and electron microscopic 
studies of enzyme fluctuation in the rat adenohypophysis 
during secretion, Ph.D. thesis. University of California, 
San Francisco. 
Smith, R., and M. Farquhar. 1966. Lysosome frunction in the 
regulation of the secretory process in cells of the 
anterior pituitary gland. J. Cell Biol. 31: 319. 
Sobel, H., and J. Marmorston. 1956. The possible role of the 
gel-fiber ratio of connective tissue in the aging process. 
J. Gerontol. 11: 2. 
Sobel, H., H. Zutrauen, and J. Marmorston. 1953. The collagen 
and hexosamine content of the skin of normal and 
experimentally treated rats. Arch. Biochem. Biophys. 
46: 221. 
Solcia, E., G. Vassallo, and C. Capella. 1968. Selective 
staining of endocrine cells by basic dyes after acid 
hydrolysis. Stain Tech. 43: 257. 
Spriggs, T., J. Lever, P. Rees, and J. Graham. 1966. 
Controlled formaldehyde-catecholamine condensation in 
cryostat sections to show adrenergic nerves by 
fluorescence. Stain Tech. 41: 323. 
Srivastava, U. 1969. Polyribosome concentration of mouse 
skeletal muscle as a function of age. Arch. Biochem. 
Biophys. 130: 129. 
160 
Stempak, J., and R. Ward. 1964. An improved method for 
electron microscopy. J. Cell Biol. 22: 697. 
Still, W., and R. O'Neil. 1962. Electron microscopic study 
of experimental atherosclerosis in the rat. Am. J. 
Path. 40: 21. 
Stirewalt, W., I. Wool, and P. Cavicchi. 1967. The relation 
of RNA and protein synthesis to the sedimentation of 
muscle ribosomes; effect of diabetes and insulin. 
Proc. Nat. Acad. Sci. 57: 1885. 
Strehler, B. 1962. Time, cells, and aging. Academic Press, 
New York. 
Strehler, B. 196 4. On the histo-chemistry and ultrastructure 
of age pigment. Advan. Gerontol. Res. 343. 
Strehler, B., D. Mark, A. Mildvan, and M. Gee. 1959. Rate 
and magnitude of age pigment accumulation in the human 
myocardium. J. Gerontol. 14; 430. 
Stiibel, H. 1911. Die Fluorezenz tierscher Gewebe in ultra-
viotem Light. Pflug. Arch. ges. Physiol. 142: 1. 
Sulkin, N. 1955. The properties and distribution of PAS-
positive substances in the nervous system of the senile 
dog. J. Gerontol. 10: 135. 
Sussman, K., G. Vaughn, and R. Timmer. 1966. Factors 
controlling insulin secretion from the perfused isolated 
rat pancreas. Diabetes. 15: 521. 
Swift, H., and Z. Hruban. 1964. Focal degradation as a 
biological process. Fed. Proc. 23: 1026. 
Tappel. A., and C. de Duve. 1963. Lysosomes: Distribution 
in animals, hydrolytic capacity and other properties. 
In Ciba Foundation Symposium on Lysosomes. A. de Reuck 
and M. Cameron, eds. Little, Brown and Company, Boston. 
111. 
Tata, J. 1966. Hormones and the synthesis and utilization of 
ribonucleic acids. Prog. Nucleic Acid Res, Mol. Biol. 
5: 191, 
161 
Tejning/ S. 1947. Dietary factors and quantitative morphology 
of islets of Langerhans; experimental study of influence 
of caloric composition of diet on islets of Langerhans 
and analysis of relation between volume of islet tissue 
and number of islets in rat. Acta Med. Scand. Suppl. 198, 
1. 
Thomas, T. 1937. Cellular components of the mammalian islets 
of Langerhans. Am. J. Anat. 62; 31. 
Trautman, A., and J. Fiebiger. 1952. Fundamentals of the 
Histology of Domestic Animals (translated and revised from 
the 8th and 9th German editions, 1949, by R. Habel and 
E. Biberstein). Comstock Publishing Associates, Ithaca, 
Tsung-Shu, Y. 1966. Quantitative cytochemical study of RNA 
and proteins in pancreatic cells of man and animals in 
old age. Tr., Alma-At. Gos. Med. Inst. 23: 497. 
Verzar, F. 1957. The ageing of connective tissue. 
Gerontologia. 1: 363. 
Volk, B., and S. Lazarus. 1964. Ultrastructure of pancreatic 
beta cells in severely diabetic dogs. Diabetes. 13: 60. 
Walford, R., and J. Sjaarda. 1964. Increase in Thioflavin-T-
staining material (amyloid) in human tissues with age. 
J. Gerontol. 19: 57. 
Warner, J., P. Knopf, and A. Rich. 1963. A multiple ribosomal 
structure in protein synthesis. Proc. Nat. Acad. Sci. 
49; 122. 
Warner, J., A. Rich, and C. Hall. 1962. Electron microscope 
studies of ribosomal clusters synthesizing hemoglobin. 
Science. 138: 1399. 
Warren, S., and P. LeCompte. 1952. The Pathology of Diabetes 
Mellitus. H. Kimpton, London, 1952. 
Warshawsky, H., C. Leblond, and B. Droz. 1963. Synthesis and 
migration of proteins in the cells of the exocrine 
pancreas as revealed by specific activity determination 
from autoradiographs. J. Cell Biol. 16; 1. 
Watson, M. 1954. Pores in the mammalian nuclear membrane. 
Biochim. Biophys. Acta. 15: 475. 
162 
Watson, M. 1955. The nuclear envelope. Its structure and 
relation to cytoplasmic membranes. J. Biophys. Biochem. 
Cytoi. 1: 257. 
Weisblum, B., L. Herman, and P. Fitzgerald. 1962. Changes in 
pancreatic acinar cells during protein deprivation. 
J. Cell Biol. 12: 313. 
Weiss, J. 1953. The ergastoplasm. Its fine structure and 
relations to protein synthesis as studied with the 
electron microscope in the pancreas of the Swiss albino 
mouse. J. Exptl. Med. 98; 607. 
Wessler, S., and A. Freedberg. 1948. Cardiac amyloidosis. 
Electrocardiographic and pathologic observations. Arch. 
Intern. Med. 82: 63. 
Westman, S. 1968. The endocrine pancreas of old obese-
hyperglycemic mice. Acta Soc. Med. Upsalien. 73: 81. 
Wettstein, F., T. Staehelin, and H. Noll. 1963. Ribosomal 
aggregate engaged in protein synthesis: characterization 
of the ergosome. Nature. 197: 430. 
Whiteford, R., and R, Getty. 1966. Distribution of lipofuscin 
in the canine and porcine brain as related to age. 
J. Gerontol. 21: 31. 
Wilkins, L. 1965. The Diagnosis and Treatment of Endocrine 
Disorders in Childhood and Adolescence. Charles C. 
Thomas, Springfield. 160. 
Winegrad, A., and A. Renold. 1958. Studies on the rat adipose 
tissue ^  vitro. 1. Effect of insulin on the metabolism 
of glucose, pyruvate, and acetate. J. Biol. Chem. 233: 
267. 
Wool, I., and P. Cavicchi. 19 66. Insulin regulation of 
protein synthesis by muscle ribosomes: effect of the 
hormone on translation of messenger RNA for a regulatory 
protein. Proc. Nat. Acad. Sci. 5: 991. 
Wool, I., and P. Cavicchi. 1967. Protein synthesis by 
skeletal muscle ribosomes of diabetes and insulin. 
Biochem. 6: 1231. 
Wool, I., and K. Kurihara. 1967. Determination of the number 
of active muscle ribosomes: effect of diabetes and 
insulin. Proc. Nat. Acad. Sci. 58: 2401. 
163 
Wool, I., and A. Moyer. 1964. Effect of actinomycin and 
insulin on the metabolism of isolated rat diaphragm. 
Biochim. Biophys. Acta. 91: 248. 
Wrenshall, G., A. Bogoch, and M. Ritchie. 1952. Extractable 
insulin of pancreas : correlation with pathological and 
clinical findings in diabetic and non-diabetic cases. 
Diabetes. 1; 87. 
Wright, A. 1927. Hyaline degeneration of the islands of 
Langerhans in non-diabetics. Am. J. Path. 3: 461. 
Wright, J., E. Calkins, W. Breen, G.^ Stolte, and R. Schultz. 
1969. Relationship of amyloid to aging. Review of the 
literature and systematic study of 83 patients derived 
from a general hospital population. Medicine. 48: 39. 
Yasuda, K., and A. Coons. 1966. Localization by immuno­
fluorescence of amylase, trypsinogen and chymotrypsinogen 
in the acinar cells of the pig pancreas. J, Histochem. 
Cytochem. 14; 303. 
Young, F. 1953. The growth hormone and diabetes. Rec. Prog. 
Horm. Res. 8: 471. 
Zeigel, R., and A. Dalton. 1962. Speculations based on the 
morphology of the Golgi systems in several types of 
protein-secreting cells. J. Cell Biol. 15: 45. 
Zelander, T., R. Ekholm, and Y. Edlund. 1962. The ultra-
structural organization of the rat exocrine pancreas. III. 
Intralobular vessels and nerves. J. Ultrastruct. Res. 
7: 84. 
Zhukov, N. 196 4. Intrainsular pericapillary fibrosis and its 
role in functional distrubance of the insular apparatus 
of the pancreas in old people. Prob. Endokr. Gormonoter. 
5: 13. 
Zyss, R. 1968. Morphological changes in functional disorders 
of the pancreatic islets in old age and in diabetic 
patients. Correlation trials. Pat. Pol. 19: 169. 
164 
ACKNOWLEDGEMENTS 
Sincerest appreciation is extended to Dr. Robert Getty, 
who has made available the facilities and valuable tissues 
used in this study, and, who as major professor has given this 
author repeated encouragement and council throughout the course 
of this research. 
Great appreciation is extended to Dr. Donald Beitz for 
his individual instruction in the biochemical techniques used 
in this work, and for his ability to stimulate this author's 
interest in the biochemical principles that are essential to a 
cell biologist. 
Thanks are extended to Dr. William Haensly for his 
guidance in the statistical aspects of this thesis, and for his 
willingness to aid in the collection of tissues used for the 
electron microscopic and biochemical aspects of this work. 
Thanks are extended to Miss Rose Aspengren for her most 
reliable assistance in the preparation and staining of the 
tissue used for light microscopy in this thesis. 
So much is owed to my parents for their unending faith, 
to my wife for her understanding, and to my daughter for 
helping to make it all worthwhile. 
165 
APPENDIX A 
166 
Table 1. Sex, age, body weight, and islet quantitation data 
for beagles 
Dog # Sex Age Body weight Total hits/ % islet 
(weeks) (kg.) 1210 volume 
B-8 F 0.10 0.26 0.00 0 
B-9 F 0.10 0.28 0.00 0 
B103 F 1.00 0.39 6.00 0.49 
B104 M 1.00 0.40 11.00 0.90 
BllO F 1.00 0.30 8.00 0.66 
Bill M 1.00 0.34 9.00 0.74 
B34 M 2.00 0.68 23.00 1.90 
B35 F 2.00 0.57 10.00 0.82 
B50 M 2.00 0.50 18.00 1.48 
E89 M 3.00 0.82 32.00 2.64 
B113 M 3.00 0.56 16.00 1.32 
B116 F 3.00 0.79 33.00 2.72 
B45 M 4.00 1.40 31.00 2.56 
B46 F 4.00 1.04 16.00 1.32 
B121 F 4.00 1.02 33.00 2.72 
E85 M 4.00 1.10 35.00 2.89 
B122 F 5.00 1.59 18.00 1.48 
B97 F 6.00 0.92 14.00 1.15 
B98 M 6 .00 1.13 23.00 1.90 
B99 F 7.00 0.90 20.00 1.65 
E26 M 8.00 1.48 13.00 1.07 
B47 M 8.00 1.57 35.00 2.89 
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Table 2. Sex, age, body weight, and islet quantitation data 
for beagles 
Dog # Sex Age Body weight Total hits/ % islet 
(months) (kg.) 1210 volume 
B26 M 3.00 4.18 9.00 0.74 
327 M 3.00 2.60 34.00 2.80 
BlOO F 3.00 2.27 20.00 1.65 
BIOS F 4.00 3.17 33.00 2.72 
B112 F 4.00 4.08 24.00 1.98 
B69 F 4.00 3.17 31.00 2.56 
B106 F 5.00 4.53 24.00 1.98 
B107 M 5.00 4.08 11.00 0.09 
B76 M 6.00 5.68 22.00 1.81 
B115 F 6.00 5.15 11.00 0.09 
B120 F 6.00 3.85 15.00 1.23 
B59 F 7.00 5.80 20.00 1.65 
B60 M 7.00 9.20 32.00 2.64 
B61 F 7.00 4.76 21.00 1.73 
F48 F 8.00 8.84 31.00 2.56 
B49 F 8.00 12.69 17.00 1.40 
B70 M 8.00 8.39 18.00 1.48 
B72 M 8.00 8.16 45.00 3.71 
B22 M 9.00 4.56 35.00 2.89 
A46 F 9.00 7.20 21.00 1.73 
B74 F 9.00 6.35 23.00 1.90 
B124 M 9.00 10.38 24.00 1.98 
B79 F 10.00 6.57 17.00 1.40 
686 F 10.00 4.53 23.00 1.90 
B125 M 10.00 7.25 14.00 1.15 
C8 F 11.00 10.40 21.00 1.73 
CIO F 11.00 6.80 25.00 2.06 
B55 M 11.00 13.50 25.00 2.06 
B126 M 11.00 9.58 13.00 1.07 
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Table 3. Sex, age, body weight, and islet quantitation data 
for beagles 
Dog # Sex Age Body weight Total hits/ % islet 
(years) (kg.) 1210 volume 
B56 M 1.00 11.92 17.00 1.40 
B57 M 1.00 9.23 16.00 1.23 
B58 M 1.00 15.19 28.00 2.31 
5 FF F 1.00 8.10 22.00 1.81 
Bll F 2.00 9.70 13.00 1.07 
B127 F 2.00 6.80 7.00 0.57 
B24 F 2.20 7.93 31.00 2.56 
B91 F 3.00 9.07 39.00 3.23 
B92 F 3.00 9.52 16.00 1.32 
B93 F 3.00 8.16 16.00 1.32 
B94 F 3.00 10.43 22.00 3.22 
B51 F 4.00 10.20 21.00 1.73 
B95 M 4.00 11.33 17.00 1.40 
B130 F 4.00 10.00 27.00 2.23 
047 M 5.00 12.20 25.00 2.06 
071 F 5.00 10.90 24.00 1.98 
BIB F 6.00 12.69 15.00 1.23 
003 F 6.00 12.50 25.00 2.06 
002 M 6.50 11.30 25.00 2.06 
B119 F 7.00 11.36 17.00 1.40 
BUS F 7.00 7.38 23.00 1.90 
B30 F 7.50 11.79 9.00 0.74 
B44 F 7.70 11.13 26.00 2.14 
B43 F 8.00 10.65 22.00 1.81 
B33 F 9.00 14.96 19.00 1.57 
B63 M 9.00 12.05 21.00 1.23 
664 F 10.00 11.28 23.00 1.90 
B15 F 10.50 13.60 14.00 1.15 
B73 F 12.00 9.75 13.00 1.07 
B123 F 12.00 8.63 16.00 1.23 
B31 F 12.40 12.20 12.00 0.99 
B17 F 13.00 11.80 12.00 0.99 
B39 M 13.00 12.70 8.00 0 .66 
B32 M 13.50 13.60 13.00 1.07 
B14 F 13.70 11.40 33.00 2.72 
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Table 4. Breed, sex, age, body weight, and islet quantitation 
data 
Breed Sex Age Body weight Total hits/ % islet 
(years) (kg.) 1210 volume 
Cocker Spaniel M 7. 00 14. 96 18 .00 1. 48 
Fox Terrier M 8. 00 9. 80 13 .00 1. 07 
Golden Retriever F 8. 00 9. 75 22 .00 1. 81 
Fox Terrier F 9. 00 6. 80 22 .00 1. 81 
Irish Setter M 9. 00 33. 50 12 .00 0. 99 
Irish Setter F 10. 00 29. 50 18 .00 1. 48 
English Cocker M 10. 00 15. 00 10 .00 0. 82 
Labrador Retriever M 11. 00 9. 97 11 .00 0. 09 
Fox Terrier F 11. 00 5. 21 13 .00 1. 07 
German Shorthair 
Pointer F 11. 00 28. 70 10 .00 0. 82 
Wire Haired 
Terrier F 11. 50 11. 60 23 .00 1. 90 
Welsh Corgi F 12. 00 13. 60 19 .00 1. 57 
Welsh Corgi F 12. 00 12. 90 14 .00 1. 15 
Labrador Retriever M 12. 00 31. 70 9 .00 0. 74 
Smooth Terrier M 13. 00 8. 20 14 ,00 1. 15 
Manchester Terrier F 13. 00 2. 95 4 .00 0. 33 
Welsh Corgi F 13. 00 8. 60 30 .00 2. 47 
Golden Retriever F 13. 00 3. 90 13 .00 1. 07 
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Table 5. Sex, age, body weight, and islet quantitation data 
for beagles 
Dog # Sex Age Body weight 2 Area y Area/ 
(weeks ) (kg. ) kg. weight 
B8 F 0.10 0.26 0 0 
B9 F 0.10 0.28 0 0 
B104 M 1.00 0.40 894.00 2235.00 
BHD F 1.00 0.30 438.10 1460.00 
Bill M 1.00 0.34 500.40 1471.80 
B34 M 2.00 0.68 713.70 1049.60 
B35 F 2.00 0.57 807.70 1417.00 
B50 M 2.00 0.50 508.80 1017.70 
B113 M 3.00 0.56 576.00 1017.80 
E89 M 3.00 0. 82 667.59 814.10 
B116 F 3.00 0.79 1190.20 1506.60 
B121 F 4.00 1.02 1237.30 1213.00 
B45 M 4.00 1.40 1231.50 879.60 
B46 F 4.00 1.04 1233.60 1182.70 
E85 M 4.00 1.10 1164.80 1058.90 
B122 F 5.00 1.59 1608.10 1011.30 
B97 F 6.00 0.92 1330.00 1445.00 
B98 M 6.00 1.13 1132.00 1001.70 
B99 F 7.00 0.90 899.30 999.20 
E26 M 8.00 1.48 1041.60 703.70 
B47 M 8.00 1.57 1779.50 1133.40 
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Table 6. Sex, age, body weight, and islet quantitation data 
for beagles 
5 
Dog # Sex Age Body weight Area y Area/ 
(months) (kg.) kg. weight 
E23 F 3.00 2.05 615.20 300.10 
B27 M 3.00 2.60 593.00 228.00 
BlOO F 3.00 2.27 1335.70 588.40 
B108 F 4.00 3.17 1426.10 449.80 
B112 F 4.00 4.08 1810.70 443.80 
E27 M 4.00 3.20 492.80 154.00 
B69 F 4.00 3.17 1047.90 330.50 
B102 F 5,00 5.22 732.60 140.30 
B106 F 5.00 4.53 3227.90 712.30 
B107 M 5.00 4.08 744.30 182.40 
B76 M 6.00 5.68 1368.50 240.80 
B115 F 6.00 5.15 778.10 151.00 
B120 F 6.00 3.85 1715.00 445.40 
B59 F 7.00 5.80 1484.30 255.80 
B60 M 7.00 9.20 2287.30 248.50 
B61 F 7.00 4.76 1335.10 280.40 
B4S F 8.00 8.84 1485.90 167.90 
B49 F 8.00 12.69 1859.40 146.40 
B70 M 8.00 8.39 936.80 111.60 
B72 M 8.00 8.16 2332.30 285.80 
B22 M 9.00 4.56 1350.50 296.00 
A4 6 F 9.00 7.20 1260.00 175.00 
B74 F 9.00 6.35 2200.10 346.40 
B124 M 9.00 10.38 2616.40 252.00 
B79 F 10.00 6.57 1628.20 247.70 
B86 F 10.00 4.53 1757.30 387.80 
B125 M 10.00 7.25 1209.80 166.70 
C8 F 11.00 10.40 998.70 95.90 
CIO F 11.00 6.80 830.50 127.00 
B55 M 11.00 13.50 1252.60 92.70 
B126 M 11.00 9.58 925.20 96.50 
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Table 7. Sex, age, body weight, and islet quantitation data 
for beagles 
2 Dog # Sex Age Body weight Area y Area/ 
(years) (kg.) kg. weight 
B56 M 1.00 11.92 1310.80 109.90 
B57 M 1.00 9.23 2174.10 235.50 
B58 M 1.00 15.19 1253.70 82.40 
5FF F 1. 00 8.10 799.70 96.20 
B127 F 2.00 6.80 1040.00 152.40 
B91 F 3.00 9.07 1804.40 198.80 
B92 F 3.00 9.52 1963.60 206.10 
B93 F 3.00 8.16 1249.40 153.00 
B95 M 4.00 11.33 1774.20 156.50 
B51 F 4.00 10.20 1483.30 145.30 
B130 F 4.00 10.00 2487.30 248.70 
071 F 5.00 10.90 1884.80 172.80 
047 M 5.00 12.20 1864.10 152.70 
003 F 6.00 12.50 2007.50 160.60 
B18 F 6.00 12.69 2316.40 182.50 
002 M 6.50 11.30 1319.80 116.80 
B118 F 7.00 7.38 999.80 135.40 
B119 F 7.00 11.36 1064.80 93.60 
B30 F 7.50 11.79 3089.30 262.00 
B44 F 7.70 11.13 787.60 70.70 
B43 F 8.00 10.65 1922.80 180.00 
B33 F 9.00 14.96 3043.80 203.40 
B63 M 9.00 12.05 2239.70 185.80 
B64 F 10.00 11.28 810.40 71.80 
B15 F 10.50 13.60 1061.70 78.00 
B73 F 12.00 9.75 1624.50 166.50 
B123 F 12.00 8.63 1321.40 153.00 
B31 F 12.40 12.20 2101.10 172.20 
B17 F 13.00 11.80 1703.30 144.30 
B32 M 13.50 13.60 1483.80 109.00 
B14 F 13.70 11.40 1311.30 115.00 
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Table 8. Breed/ sex, age, body weight, and islet quantitation 
data 
; 2 Breed Sex Age Body weight Area y Area/ 
(years) (kg.) kg. weight 
Golden Retriever P 8. 00 9. 75 1314. 50 134 .70 
Fox Terrier F 9. 00 6. 80 1986. 90 292 .00 
Irish Setter M 9. 00 33. 50 1229. 90 36 .60 
Labrador Retriever F 10. 00 3. 45 818. 80 237 .00 
Irish Setter F 10. 00 29 .50 1594. 90 54 .00 
English Cocker M 10. 00 15 .00 941. 60 63 .70 
Fox Terrier F 11. 00 5 .21 1289. 10 247 .40 
German Shorthair 
Pointer F 11. 00 28 .70 1726. 10 60 .10 
Labrador Retriever M 11. 00 9 .97 998. 70 100 .10 
Wire Haired 
Terrier F 11. 50 11 .60 1863. 60 160 .60 
Labrador Retriever M 12. 00 31 .70 1006. 60 31 .70 
Welsh Corgi F 12. 00 12 .90 1643. 60 127 .30 
Welsh Corgi F 12. 00 13 .60 2245. 60 165 .00 
Manchester Terrier F 13. 00 2 .95 853. 20 289 .10 
Welsh Corgi F 13. 00 8 .60 2073. 10 241 .00 
Smooth Terrier M 13. 00 8 .20 971. 20 118 .40 
Golden Retriever F 13. 00 3 .90 1647. 80 422 .30 
Welsh Corgi M 13. 00 12 .70 1200. 30 94 .50 
Table 9. RNA (mg/ml)/protein (mg/ml) 
Age in 
years 
Crude microsomes Rough microsomes Smooth microsomes Cytosol 
1 
1 
1 
Mean 
0 . 8 6 8  
0.909 
0.692 
0.823 + 0.093 
0.769 
0.967 
1.125 
0.953 + 0.147 
0.256 
0.413 
0.415 
0.361 + 0.074 
0.201 
0.067 
0.015 
0.094 + 0.078 
6 
5 
5 
Mean 
0.849 
0.821 
0.730 
0.800 + 0.050 
0.870 
1.400 
0.880 
1.05 f 0.247 
0.345 
0.309 
0.354 
0.336 + 0.019 
0.163 
0.112 
0.212 
0.162 + 0.028 
9 
9 
9 
0.625 
0.857 
0.689 
0.641 
0 . 8 2 8  
0.648 
0.449 
0.277 
0.300 
0.117 
0.106 
0.099 
Mean 0.723 + 0.097 0.705 + 0.705 .342 + 0.095 .107 + 0.056 
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2 Graph 1. Islet area in microns vs. body weight in kg 
Linear regression data for beagles (male and female): 
N = 82; Y = 881.54 + 73.73X, + 560.99 
b = 73.73 + 13.63, P < 0.01 
Y = 1372.18 + 61.58, P < 0.01 
r = 0.52, P < 0.01 
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Graph 2. Total islet hits/1210 possibilities vs. age in weeks 
Curvilinear regression data for male beagles: 
N = 11; Y = 0.52 + 11.62X, - l.llXg, + 7.80 
by^  2 = 11-62 + 4.54, P < 0.05 
by2 ^ = - 1.11 + 0.48, P <0.05 
f = 22.36 + 2.35, P < 0.01 
Total islet hits/1210 possibilities vs. age in weeks 
Curvilinear regression data for female beagles 
N = 11; Y = -1.89 + 11.60X, - 1.31X„, + 7.30 
by^  2 = 11.60 + 3.42, P < 0.01 
by2 ^  = - 1.31 + 0.50, P < 0.05 
Y = 14.36 + 2.20, P < 0.01 
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Graph 3, Total islet hits/1210 possibilities vs. age in months 
Data for beagles (males and females): 
N = 29; y = 23.61 - 0.12X, + 8.43 
b = - 0.12 + 0.61, P > 0.05 
y = 22.72 + 1.53, P < 0.01 
r = 0.04, P > 0.05 
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Graph 4. Total islet hits/1210 possibilities vs. age in years 
Data for beagles (males and females); 
N = 35; Y = 22.47 - 0.44X, + 7.11 
b = - 0.44 + 0.30, P > 0.05 
Y = 19.63 + 1.20, P < 0.01 
r = 0.25, P > 0.05 
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Graph 5. Total islet hits/1210 possibilities vs. age in years 
Regression data for male and female mixed breed dogs 
N = 18; Y = 20.25 - 0.46X, +6.39 
b = - 0.46, + 0.81, P > 0.05 
Y = 15.28, + 1.51, P < 0.01 
r = 0.14, P > 0.05 
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Graph 6. Combination of Graph 4 and Graph 5 
Total islet hits/1210 possibilities 
vs. age in years for male and female 
beagles and mixed breed dogs 
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Figure 1. Section of pancreatic parenchyma from a three year 
old dog (# B-91) showing islets of Langerhans, 
blood vessels surrounded by nerve bundles, and 
acini. Weigert-Heidenhain-Van Gieson stain. 40X 
Figure 2. Section through intrapancreatic artery with sub-
intimal fibrosis, age nine years (dog # M-15). 
Weigert-Heidenhain-Van Gieson stain. 10OX 
68T 
Figure 3. Higher magnification of Figure 2 showing elastosis 
and sub-intimal fibrosis. Weigert-Heidenhain-
Van Gieson stain. 400X 
Figure 4. Higher magnification of Figure 2 showing sub-
intimal collagen fibrosis and possible plaque 
formation. Weigert-Heidenhain-Van Gieson stain. 
400X 
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Figure 5. Section through intrapancreatic blood vessel of 
dog (# M-27) showing sub-intimal fibrosis and 
breakage of internal elastic membrane, age 
eleven years. Weigert-Heidenhain-Van Gieson 
stain. 40X 
Figure 6. Higher magnification of Figure 5 showing sub-
intimal fibrosis and broken elastic membrane 
with smooth muscle cell crossing broken 
membrane. Weigert-Heidenhain-Van Gieson stain. 
250X 
19 3 
Figure 7. Section through intrapancreatic artery from dog 
showing mild sub-intimal fibrosis, age eleven 
years (dog # M-6) Weigert-Heidenhain-Van Gieson 
stain. 400X 
Figure 8. Section through intrapancreatic artery from dog 
showing disorientation of smooth muscle cells 
surrounded by collagen, age eleven years (dog 
# M-27) Weigert-Heidenhain-Van Gieson stain. 
400X 
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Figure 9. Section through small hog intrapancreatic artery 
showing intimai thickening, age ten years. 
Weigert-Heidenhain-Van Gieson stain. 400X 
Figure 10. Section through hog intrapancreatic artery 
showing development of intimai cushion with 
duplication of the internal elastic membrane, 
age eight years. Weigert-Heidenhain-Van 
Gieson stain. 400X 
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Figure 11. Section through dog pancreatic parenchyma 
showing fatty degeneration of acinar tissue, 
age thirteen years (dog # M-39). Weigert-
Heidenhain-Van Gieson stain. 4OX 
Figure 12. Section through hog pancreatic parenchyma 
showing fatty degeneration and connective 
tissue replacement of acinar tissue, age 
eight years. Weigert-Heidenhain-Van Gieson 
stain. 250X 
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Figure 13. Section through pancreatic parenchyma of dog 
showing no infiltration of islets or acini by 
connective tissue, age thirteen years (dog # M-37). 
Weigert-Heidenhain-Van Gieson stain. lOOX 
Figure 14. Section through interlobular pancreatic duct, 
age six months (dog # M-63). Weigert-
Heidenhain-Van Gieson stain. 250X 
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Figure 15. Section through interlobular pancreatic duct, 
age nine months (dog # A-46). Weigert-
Heidenhain-Van Gieson stain. 250X 
Figure 16. Section through interlobular pancreatic duct, 
age three years (dog # B-91). Weigert-
Heidenhain-Van Gieson stain. 10OX 
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Figure 17. Section through interlobular pancreatic duct, 
age nine years (dog # M-6 7). Weigert-
Heidenhain-Van Gieson stain. 10OX 
Figure 18. Section through interlobular pancreatic duct, 
age twelve years (dog # M-44). Weigert-
Heidenhain-Van Gieson stain. lOOX 

Figure 19. Section through pancreatic parenchyma showing 
islet of Langerhans, age three weeks (dog 
# E-89). Gomori reticular stain. 400X 
Figure 20. Section through pancreatic parenchyma showing 
islet of Langerhans, age three weeks (dog 
# E-89). Gomori reticular stain. 400X 
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Figure 21. Section through pancreatic parenchyma showing 
islet of Langerhans, age three years (dog 
# B-91). Gomori reticular stain. 400X 
Figure 22. Section through pancreatic parenchyma showing 
islet of Langerhans, age ten years (dog 
# M-46). Gomori reticular stain. 400X 
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Figure 23. Section through interlobular pancreatic duct 
showing autofluorescence in the epithelium, 
age ten years (dog # B-64). 25OX 
Figure 24. Section through interlobular pancreatic duct 
showing autofluorescence in the epithelium, 
age twelve years (dog # M-68). 250X 

Figure 25. Section through 
pancreatic 
parenchyma showing 
autofluorescence 
in islets, age 
eight months 
(dog # B-48). 
250X 
Figure 26. Section showing 
portion of inter­
lobular pancreatic 
duct showing auto-
fluorescence in 
epithelium, age 
thirteen years, 
(dog # M-37). 250X 
Figure 27. Section through 
pancreatic paren­
chyma showing auto-
fluorescence in 
the perinuclear 
position, age four 
years (dog # B-51) 
250X 
Figure 28. Section through 
pancreatic paren­
chyma showing auto-
fluorescence in the 
perinuclear posi­
tion, age four 
years (dog # B-51) 
250X 
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Figure 29. Section showing interlobular pancreatic duct 
with PAS-positive staining for lipofuscin-like 
material in the perinuclear position. This 
is the same duct as shown in Figure 24 
Figure 30. Section through pancreatic parenchyma showing 
PAS-positive staining for lipofuscin-like 
material in perinuclear position in same area 
as shown in Figures 27 and 28, age four years 
(dog # B-51). 250X 

Figure 31. Section through 
interlobular 
pancreatic duct 
stained specifi­
cally for amyloid 
with Thioflavin-T 
Note slight 
positive reaction 
in lower portion 
of figure, age 
ten years (dog 
# B-64). 250X 
Figure 32. Section through 
intrapancreatic 
artery stained 
specifically for 
amyloid with 
Thioflavin-T. Note 
positive reaction 
in periphery of 
tunica media, age 
twelve years (dog 
# M-68). 250X 
Figure 33. Section through intrapancreatic blood vessels 
stained specifically for amyloid with Thioflavin-
T, showing negative results, age twelve years. 
250 X 

Figure 34. Section through interlobular pancreatic duct 
stained specifically for amyloid with 
Thieflavin-T, showing negative results, age 
ten years (dog # B-64). 250X 
Figure 35. Section through pancreatic parenchyma and islet 
of Langerhans stained specifically for amyloid 
with Thioflavin-T, showing negative results, 
age eleven years (dog # B-55). 400X 

Figure 36. Pancreatic acinar cell from nine year old dog 
showing two prominent nucleoli (Nu) in the 
nucleus, immature or prozymogen granules (P) 
and completely formed zymogen granules (Z) in 
the apical region of the cell. M = mitochondria; 
arrows = degenerating cell components. Uranyl 
acetate stain 
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Figure 37. Pancreatic acinar cell from nine year old dog 
showing the parallel array of the abundant 
rough endoplasmic reticulum, interdigitating 
adjacent plasma membranes along the cell 
periphery. The arrow points to a secondary 
lysosome fulfilling the morphological 
criteria for a residual body. Uranyl acetate 
stain 

Figure 38. Section from 5 year old dog showing two acinar 
cells from adjacent acini. A Schwann cell (S) 
with its cell membrane (Cm) surrounding axon 
bundles (Ax) is seen in the interacinar space 

Figure 39. Portion of a pancreatic acinar cell from nine 
year old dog showing three secondary lysosomes 
(Ly) in the vicinity of zymogen granules and 
mitochondria. The small arrow points to a 
myelin structure within the lysosome. These 
lysosomes fulfill the morphological criteria 
of residual bodies. Uranyl acetate stain 
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Figure 40. Portion of a pancreatic acinar cell from nine 
year old dog showing two secondary lysosomes 
(Ly) in the vicinity of zymogen granules and 
mitochondria. The myelin ultrastructure is 
visible in one of the lysosomes. These 
lysosomes fulfill the morphological criteria 
of residual bodies. Uranyl acetate stain 

Figure 41. Portion of pancreatic acinar cell from nine year 
old dog showing lysosome containing membrane 
fragments and whorls and sequestered cytoplasmic 
components. Lysosome represents late auto-
lysosome or early residual body. Uranyl acetate 
stain 

Figure 42. Portion of pancreatic acinar cell from nine year 
old dog showing late autolysosome or early 
residual body. Arrows point to periodic 
organization within the lysosomes. The denser 
lysosome shows a crystalline appearance. Uranyl 
acetate stain 
Figure 43. Portion of pancreatic acinar cell from nine year 
old dog showing secondary lysosome containing 
sequestered cell components and fulfilling 
morphological criteria of residual bodies. Arrow 
points to myelin figures. Uranyl acetate stain 
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Figure 44. Portion of acinar 
cell from nine 
year old dog 
showing a residual 
body structure. 
Arrow points to 
myelin arrangement 
of membranes within 
the granule. Uranyl 
acetate stain 
Figure 45. Portion of acinar 
cell from nine year 
old dog showing a 
residual body 
structure. Arrow 
points to myelin 
arrangement of 
membranes within 
the granule. 
Uranyl acetate 
stain 
Figure 46. Portion of an acinar cell from a nine year old 
dog showing two lysosomes. The larger structure 
represents morphologically a late multivesicular 
body or early residual body. The smaller granule 
appears as a residual body, with the arrows 
denoting periodic membrane structures. Uranyl 
acetate stain 

Figure 47. Section from nine year old dog showing the 
relationship of blood vessel and beta cells 
from an islet of Langerhans. One cell shows 
lipofuscin pigment (Li) with a distinct 
lipid-like or "vacuole" component. Bg = beta 
granule; M = mitochondria. Uranyl acetate 
stain 
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Figure 48. Section through beta cell from nine year old dog 
pancreas. Lipofuscin pigment (Pi) with a 
distinct lipid-like or "vacuole" component (Li) 
is seen in the cytoplasm. Bg = beta granule. 
Uranyl acetate stain 

Figure 49. Montage showing an arteriole and its relationship to the beta cells 
of the islets of Langerhans and to the perivascular space. A 
macrophage (Macr.) is seen within the perivascular space. 
Bg = beta granules; Eryth. = erythrocyte; art. lumen = arteriole 
lumen; En = endothelial cells; Bm = basement membrane; Ax = axon 
bundles; Co = collagen fibers. Uranyl acetate stain 
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Figure 50. Section through pancreatic smooth microsome 
pellet embedded in epon-araldite. The membranes 
in this microsome subfraction are all smooth 
and vary somewhat in size. These vesicles 
represent the isolated vesicular components of 
the Golgi apparatus and some cell membrane 
fragments. Ribosomes and polysomes (arrows) 
linked by probable mRNA are seen in this 
fraction. Uranyl acetate stain 
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